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Polarity and regeneration in plants 

T. H. Morgan 

The earlier and greater development of the buds that stand at 
the distal end of a piece of a willow than of those that stand 
nearer to the b^se of the piece bears a certain general resemblance 
to the phenomenon of polarity in animals, and has led, in fact, to 
the use of the same word for both processes. This comparison 
needs, I think, to be more critically examined. During the past 
summer I have kept pieces of several plants, from which the leaves 
were Removed, in a moist chamber with the lower end of the 
pieces in water, an^ have watched the development of the buds. 
In most cases, as in the willow, the more distal, though not neces- 
sarily the most distal^ buds are the first to develop, and it could 
be easily seen that those that unfolded first were, as a rule, the 
largest and most advanced buds present on the piece when it was 
removed from the plant. In other words, the relative strength of 
the buds determines which develop first, and it seems most plausi- 
ble that in consequence of this development the other buds might 
be kept from unfolding because those that got the start used up 
all the available food substances that were present, or were being 
manufactured in the piece. It appears, therefore, that the result 
is not so much the outcoqie of the polarity of the piece, acting at 
the time of regeneration, as of preexisting conditions in the piece 
at the time of its removal from the plant. These determine which 
buds, shall be the. first to unfold. Whether or not this diflference 
in the condition of the buds of the original piece has itself been 
regulated by polar relations in the growing point is a question for 
further consideration, but in any case it is one that does not involve 
the immediate question of the regeneration of the isolated piece. 

In one of the plants that I examined, the proximal and not the 
distal buds of the piece were the first to develop. It is this case 
that I wish more especially Jto discuss in connection with the prob- 
lem of polarity in plants. The plant was the common burdock, 
Arctium Lappa (Lappa officinalis^ The leaves and the lateral 
branches were cut off from half a dozen vigorous plants, and the 
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denuded stalk was left standing in place in connection with its 
original roots. In the course of about ten days new buds began 

to grow out near the base of the stalk. They 
unfolded rapidly and at the end of about two 
weeks had reached the condition shown in the 
figure. The new shoots arose in or near the 
atigles betweeil the main stem and the lateral 
branches (which had been cut oflT). These 
branches stand ifi the axils of the lower 
leaves. No shoots at all appeared in the 
upper regions of the stem, although the latter 
remained green and in good condition. It 
may appear that the results in this case are 
connected with the attachment of the stem 
to the old foots. The fact that large branches 
arise near thb base of the main stem may be 
interpreted to mean that these parts receive a 
large ^hare of the substances that come up 
from the roots. In order to see if this sug* 
gestiort had atiy value 1 cut off other stems 
from their foots, Stripped them of their leaves 
and branches, and placed the lower ends in 
dishes of water. In these cases also the lower 
buds alofie unfolded and none appeared in the 
upper pafts 6f the stem. 

To determine whether the result is due to 
the better development of the buds dt the 
base father than due to the movement towards 
the base of food or of so-called formative sub- 
stances, I cut a few of the stems into three 
pieces. In those in which any development 
took place this occurred in the basal pieces, 
and in one case in the lower part of the second 
piece as well, but no buds developed in the 
distal pieces, although to all appearances these 
remained in good condition. Whether these 
distal pieces would after a much longer time (I kept them nearly 
three weeks) have developed buds, I do not know. 
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This- last experiment, while not 6atis£ictory in all respects, yet 
sufficea to show that the d^elopbent of the basal buds in the 
long pieced is not dae to the polarity localizing, as it were, the 
development at the base, nor to the flow of substances downward, 
but is due to the stronger buds beiiig present in the basal region. 

These results recall the cases of IMium candidum and Lachcn- 
alia luteola. These plants do not set seed, but produce bulblets at 
the base. This formation of basal bulblets is attributed by Goebel 
to the flow of food substances in the plants towards the base which 
causes the bulblets to develop in this region, and at the same time 
deprives the seeds of the necessary material for their development. 
The explanation appears to me to be exactly the reverse. The 
buds that give rise to the bulblets in these plants are so vigorous 
that they utilize all of the food substances that are present, and 
thus deprive the seeds of food material that they might possibly 
make use of if the bulbs did not develop. It is not, I think, the 
flow of food substances downwards that causes the bulblets at 
the base to develop, but the vigorous bulblets in this region draw 
into themselves so much of the available food substances that not 
enough is left for the seeds. 

It might be claimed in the case of the burdock, that when the 
stalk, deprived of its leaves, is left attached to the old roots, mate^ 
rial from the roots rising up into the stem will aflect the basal 
buds first ; or it might be claimed that since there are large fibro- 
vascular bundles that go to the basal nodes these bring to this 
region materials from the roots that cause the buds to develop, 
but that this is not the real explanation was shown above by the 
ex{)eriment of removing the stem from the roots. The result ap- 
pears to be due rather to the more vigorous condition of the basal 
buds. Whether, as I have said, this condition of the plant is itself 
to be thought of as ultimately the outcome of its polarity, is a 
question that I do not think we can profitably discuss as yet If 
it is, then the polarity in the growing point has already acted and 
determined the relative development of the buds in the different 
regions. When the piece containing these buds is removed, their 
further development is first determined by the stage that they are 
already in, or by their greater vigor, which may, in most cases, 
mean the same thing. In the second place certain buds having 
gotten a start use up all or most of the available food materials 
and thus check the further development of the other buds. 
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In the light of these facts and conclusions certain of the state- 
ments that I made in my book on " Regeneration " in regard to 
the cause of the development of the apical bud^ in a piece of the 
willow must be recast The development of the apical buds of the 
willow, and of other similar plants, and of the basal buds in the 
burdock appear both to be due, not to a dynamic relation (polarity) 
between the two ends of the piece, but to a static condition already 
existing in the piece before its removal, namely, the relative state 
of development of its buds. 

From this point of view Sachs* theory of formative stufls plays 
no directive part in the regeneration of pieces of the plants. The 
presence of food stufTs enters into the problem only in so far as 
certain parts are supposed to be able to draw on tbat which is 
present, while other parts (the less developed buds) are not so able 
to make use of the common supply. The flow of these food stufls 
through the plant appears from this point of view not to be due to 
the stufls tending to flow of themselves in certain directions, or as 
the result of the action of some outside agent, as gravity, but their 
flow may be simply a question of diflusion from those places where 
they exist in larger amounts to other places where there is not so 
much of the substance present. If the more vigorous and some- 
what older parts can make use of this material more rapidly than 
can the less well-developed parts, there will be a steady flow of 
soluble food substances towards the growing parts, because in 
these regions the material is being more rapidly used up, and hence 
the region is relatively poorer in these materials. The flow is then 
a purely physical problem. This assumption is, of course, not 
diflerent from that usually employed by botanists to account for the 
flow of soluble substances from one part of a plant to other parts. 
It appears, therefore, that polarity in the plant is not the cause 
of the flow of substances through the plant, as Goebel seems to 
imply in certain parts of a recent article,* nor does polarity appear 
to regulate the development of certain buds and hold others in 
check, t Possibly some such factor may determine in the growing 
regions of the plant the relative rate of development of certain buds, 
but even this is not certain and remains to be further examined. 

Bryn Mawr College. 
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385-397, 417-438. 481-505- 1902. 
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OH THE OEBM CELLS AND THE EKBBYOLOOT OF BLAHABIA 8I1IPLI88I1IA. 

BY N. M. STEVENS. 

This planarian, which is found in small streams about Bryn Mawr, 
was identified provisionally in 1900 by Woodworth as Planaria higvbnSt 
and has since figured imder that name in several of Prof. T. H. Mor- 
gan's papers on regeneration; also in my "Notes on Regeneration in 
Planaria Iv^gubris" (Stevens, '01). 

On looking up the European species (P. lugvbria) as described and 
figured by Schmidt ('59, PL III, figs. 5 and 6), and by Kennel (79, 
PL VII, fig. 8), I felt sure that Woodworth must have been mistaken as 
to the species; but I was imable to find any correct description or 
figures, either of the external characters of the animal or of its repro- 
ductive organs, and I was inclined to call it a new species. In Sep- 
tember, 1903, after this paper was written, I came across an article 
by Curtis ('00) on the reproductive organs of Planaria simplissima 
n. sp. The reproductive organs of this species were so strikingly like 
those of the form on which I had been working that, although there was 
considerable difference in form, size and color, I was convinced that 
the two worms must be closely related, if not local varieties of the same 
species. 

In answer to my inquiries about Planaria simplissima, Prof. Curtis 
has recently written me that after studjdng specimens sent to him by 
Prof. Morgan from Bryn Mawr, and sectioning others of the same spe- 
cies found near Baltimore in 1900 and 1901, he concluded that the 
Williamstown form, P. simplissima (fig. B), and the Bryn Mawr form 
P. {lugvbria) f (fig. A) belonged to the same species. Prof. Curtip 
desires me to state that his description of the external characters of 
P. simplissima was made from fixed material, living specimens not 
being accessible when he discovered that he was dealing with a new 
species. Later observations on living specimens from Williamstown 
made it apparent that his description was at fault, especially with re- 
gard to the lateral cephalic appendages which are more marked than 
was evident in fixed material. A careful sketch, made at this time 
from the living animal and sent to me with his letter, is a good repre- 
sentation of a young specimen of the Brjm Mawr form (figs. A and B) 
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Fig. A. Outline sketch of a large mature specimen of Planaria simpliswma, 
a=gr&Y sensory^ area on the lateral auricular appendage. p=phaiynx. 
9=gemtal openmg. 

Fig. B. Outline drawing from Curtis's sketch of a small specimen from Wil- 
liamstown. 

and, I think, leaves no doubt that we have the same species, which 
may be described as follows: 

Planaria limpliiiima Curtia. 

Length of mature specimens 7-15 mm.; breadth 2-4 mm. Color 
a nearly \miform seal-brown (occasionally grajdsh) with an inconspicu- 
ous gray area on each cephalic appendage. Eyes gray with a crescent 
of black pigment on the median side. Both anterior and posterior 
ends blunt. Lateral cephalic appendages blunt and inconspicuous as 
compared with P. maculata. Body thick as compared with P. macur 
lata. Pharynx just posterior to the middle point of the longitudinal 
axis of the worm. Ovaries two, ventral, somewhat lobed, and situated 
about half-way from the anterior end of the animal to the pharynx. 
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Testes four or five on each side, unpaired, dorsal, and irregularly dis- 
tributed from the region of the ovaries to the posterior end of the 
phar3mx (figs. C and D). Penis long and slender, not filling the 
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^'S* C. Median longitudinal section of Planaria simfiiasima showing repro- 
ductive organs. Parts out of the plane of the section are shown in dotted 
lines. a=antnim. &-= brain. o=ovary. o«i=roviduct. }>=penis. ^=rte8tis. 
u=uterus. vd=-vdA deferens of one side. x= ciliated tube opening into 
utertis. v=vagina. 

Fig. D. Reconstruction from several cross-sections showing ovaries (o), ovi- 
ducts {od), nerve cords (n) and testes (Q. 

antrum. Uterus consisting of a chamber lined with glandular epi- 
thelium, dorsal to the antrum, and with an anterior prolongation in 
the form of a narrow ciliated tube with no enlargement at its anterior 
end. Vasa deferentia two, opening separately into the anterior" en- 
largement of the lumen of the penis. Oviducts two, ventral and par- 
allel with the nerve-cords, imiting before entering the uterus (figs. C 
and D). Vitellaria extending from the region of the ovaries to the 
posterior extremity of the animal. 

Found on the imder side of stones and leaves along the margin of 
small streams. 
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The original object of this paper was a discussion of the reproduc- 
tive organs, ovogenesis, spermatogenesis and embryological develop- 
ment of Planaria (Ivgvbris). The discovery that it is not P. lugubris 
but P. simplissima Ciutis renders further discussion of the reproductive 
organs unnecessary, and I shall therefore confine my attention to a 
study of the germ-cells and the embryology of this species, which pre- 
sents some peculiarities not fully described by Ijima ('84) and Hallez 
('79). 

Fertilization. — Copulation has not been observed in this species, 
but there is every reason for supposing that it occurs, for spermatozoa 
are found only in the vasa deferentia, the lumen of the penis, the 
uterus and the oviduct. In nearly every specimen the anterior end 
of the oviduct is crowded with spermatozoa (PL XIII, fig. 1, od), while 
only occasionally one is found in the posterior part of the duct or in 
the uterus. The spermatozoa are never found among the oocytes in 
the ovary, and it is probable that each egg is fertilized as it enters 
the oviduct, for the spermatozoon is alwa3rs found in the eggs of a 
forming capsule, and no spermatozoa are found among the eggs and 
yolk. 

I should therefore agree with Ijima in regarding the uterus as a 
gland for forming the cocoon shell, and not as the 
place where fertilization occurs (Hallez), or as a re- 
ceptaculimi seminis (Kennel). 

When an egg-capsule is forming, the antrum, 
uterus and the tube x (fig. C) are all thrown into 
one chamber, which is filled with eggs and yolk- 
cells, the penis being pushed back against the 
anterior wall of the antrum (fig. E) and the antrum 
being separated from the pharynx-chamber by so 
thin a layer of tissue that it is often broken through 
in fixed specimens, and yolk-cells are found in the 
pharynx-chamber. 

Ovogenesis. — The early stages in the development 
of the oocytes evidently should be studied in the 
summer after laying-time, for the ovaries are practi- ^'?- ^' Median 
cally unchanged in appearance from October to lay- tion through an 
ing-time in April. Figure 1, drawn from a section 
cut in November, shows nearly all of the oocytes 
in the same condition as in sections containing the 
first maturation-spindle (cut in April and May). 
The cytoplasm of the oocytes stains deeply with hsematoxylin and 
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contains here and there a yolk-granule in a vacuole (fig. 2a, y). The 
nucleus is very large and shows but little stainable chromatin, and 
that in the form of fine granules on threads of linin. The large nu- 
cleolus, which stains deeply with orange, contains one or more 
vacuoles. As in my previous work on the histology of planarians 
(Stevens, '02), the best results were obtwned by fi^dng the material 
with sublimate-acetic and stwiing with Delafield's hsematoxylin and 
orange. 

The first maturation-spindle is foimd in the ovary about twenty- 
four hoiuB before laying. In an equatorial stage the spindle is near 
the centre of the egg. The asters are very large, but there is no evi- 
dence of centrosome or sphere. The chromosomes are V-shaped, 
and split longitudinally, giving V-shaped daughter chromosomes, as 
in figs. 3o and 36. Only four specimens in this stage were obtwied 
out of a large number sectioned; and of these, three had either 3 
chromosomes in an equatorial plate (figs. 2a and 26) or 6 daughter 
chromosomes (figs. 3a and 3b), and one had 4 in the equatorial plate 
(fig. 4). Time and material were lacking to trace the egg from the 
ovary to the uterus, after it was ascertained that an interval of about 
twenty-four hours occurred between the formation of the first and 
second polar bodies. 

By removing the capsule before the shell is formed and staining with 
Schneider's aceto-carmine, the second maturation-division can be 
more advantageously studied than in sections. Figs. 8-11 were made 
from such preparations; figs. 5a, 56 and 6, from sections. In only 
two cases was the first polar body observed (figs. 6 and 8), and it seems 
probable that it is usually lost as the egg passes down the oviduct. 
The number of egg-chromosomes is 3 in most cases. In two eggs from 
the same capsule the number wae 6 (figs. 9 and 10), and in a few others 
4 and 5 were observed, indicating that, as in Ascaris megalocephala 
and Echinus microtvbercuUUiLSf there may be two forms which occa- 
sionally interbreed, one having twice as many chromosomes as the 
other. 

Thus an egg having 6 chromosomes fertilized by a spermatozoon 
having 3 would give an individual having 9 somatic chromosomes 
and probably 5 chromosomes in germ-cells after reduction. Union 
of germ-cells having 3 and 5 chromosomes respectively would result in 
an individual having 8 chromosomes in somatic cells, and 4 in oocytes 
and spermatozoa. 

Figure 8 shows an egg in which there was no doubt about the number 
3 in tiie first polar body (p^) , and at the poles of the second maturation- 
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spindle {jf and e). Figure 7 is a somatic cell containing 6 chromo- 
somes. Six have also been counted several times in the first segmenta- 
tion-division. That the second maturation-division of the chromo- 
somes is longitudinal like the first one is evident from the form of the 
chromosomes and from the pairs seen at a and h in fig. 10. Figure 
11 shows the second polar body separating from the egg. 

Spermatogenesis. — A& in the case of the ovaries, the testes should 
be studied in summer after laying-time, in order to follow the develop- 
ment of the spermatogonia, but occasional divisions of spermatogonia 
and both spermatocyte-divisions may be observed in material pre- 
served at any time during the autimm and winter. My best material 
was fixed about the first of December. PI. XV, fig. 15, shows a part 
of the section of a testis which contained dividing spermatogonia (a), 
both maturation-divisions (e and /), spermatids in all stages (^, fc, t, i, 
I), and ripe spermatozoa. In this animal the number of chromosomes 
in the maturation-divisions was 4, in the spermatogonia 8. In several 
others only 3 were found in the spermatocytes (figs. 20 and 22). Vari- 
ous phases of the first maturation-division are shown in figs. 16-21 
and of the second in figs. 22 and 23. The form of the chromosomes 
in all phases of both divisions is the same, a Y-shape, easily distinguish- 
able from the V-shaped and U-shaped chromosomes of the spermato- 
gonia and somatic cells. There is no evidence of a transverse, or 
reducing, division. In an anaphase (figs. 20 and 22), each daughter 
chromosome appears to be drawn toward the pole of the spindle by a 
single fiber attached to the stem of the Y. The spindle is composed of 
very few fibers, and neither centrosomes nor asters have been demon- 
strated. The spermatocytes before division appear as in fig. 15, d, 
and nothing corresponding to the synapsis stage described by various 
authors has been found. The spermatogonia in both resting and 
division-stages closely resemble the so-called embryonic or paren- 
chyma cells which are scattered through the planarian body and play 
a conspicuous r61e in regeneration (fig. 15, a). 

Figs. 24-32 show various stages in the development of the sperma- 
tozoon. The nucleus of the spermatid contracts, forming a small ball 
of nuclear material which stains deeply and imiformly (figs. 24-27, a). 
This concentrated nucleus gradually elongates (figs. 27, 6-29), and 
finally leaves the cytoplasm tail first (figs. 15 and 29). Many empty 
spermatid cells are shown in fig. 15, n. The spermatozoon appears to 
be formed wholly from the nucleus of the spermatid, and stains like 
chromatin throughout. The spermatozoa in the oviduct near the 
ovary have a knob-like appendage near the anterior end (fig. 32). 
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This appears to be a late development, as it is not found on the sperma- 
tozoon in the testes, vasa deferentia, or limien of the penis. 

Embryological Development. — ^As stated above, the first maturation- 
division of the egg occurs in the ovary; fertilization probably takes 
place in the oviduct; and the second maturation-division is found in 
the forming capsules. The eggs of capsules just laid always show the 
two pronuclei with very large nucleoli, as in PL XIII, fig. 12, and a 
few hours later the pronuclei are fused as in fig. 13, but the two 
nucleoli are distinct. The development of the eggs during the first 
day can be best studied in aceto-carmine. Sections of these and of 
older capsules may be obtained by piercing the shell with a needle and 
fixing in sublimate-acetic. The shell must be removed before embed- 
ding. The rate of development varies greatly in different capsules, and 
even among the eggs of the same capsule. Laying occurs in the morn- 
ing from daylight to ten o'clock. In one case the first cleavage-spindle 
was found at 10.30 A.M. in one egg of a capsule, in which all the others 
showed the pronuclei not fused. In other capsules eggs containing 
the pronuclei were foimd as late as 5 P.M. Two, four and eight-celled 
stages were also occasionally foimd late in the afternoon. Figure 14, a, 
,was from an egg stained with aceto-carmine at 4.30 P.M. There 
were 6 chromosomes at each pole, as shown in fig. 14, b, obtained by 
focussing down on one end of the spindle. As in the maturation- 
divisions, neither centrosome nor sphere could be demonstrated. 

The peculiar positions taken by the blastomeres in 2, 4 and 8-celled 
stages is shown in PI. XIII, figs. 33-36. Fig. 35 is a reconstruction 
from five successive sections. Fig. 36 is a section of a 32-ceIIed stage 
in which the yolk-ceUs near the group of blastomeres have begim to 

break down in the region x Jt. The next stage (PI. XV, fig. 

37} shows a section of an embryo, consisting of a syncitial yolk- 
masp (2^)1 distinct from the surroimding yolk-cells and disintegrated 
yolk-material. The group of blastomeres is always irregular in 
orm and eccentrically situated, coming to the surface on one 
side of the yolk-mass. Some of the blastomeres soon begin to wander 
thrpugh the syncitium, and may be found dividing at any point. A 
section of a capsule at this stage frequently shows sections of three 
or four such embryos. The embryonic yolk-mass gradually increases 
in size, as may be seen by comparing figs. 37-40, all drawn with the 
same magnification. The embryo is partly or wholly surrounded by a 
region of disintegrated yolk-cells (fig. 37, a), from which material for 
th^ embryonic syncitium is evidently drawn. In some cases whole 
ypUcTceils appear to be taken into the S3mcitium in amoeboid fashion. 
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In fig. 38, p*, the first cells of the embryonic pharynx are distin- 
guidied from the surrounding blastomeres by their different stwning 
qualities. Rgs. 39-41 show the characteristic structure of such a 
phaiynx which is well developed, but not yet functional. Fig. 40 
is a median vertical-section through the pharjnix, fig. 39 a median 
cross-section through the central cells (6), and fig. 41 a crossnaection 
through the four inner cells (d). The cells which surround the lumen 
of the pharynx are twelve in nimiber — ^four somewhat flattened sur- 
face cells (a), four cylindrical central cells (6), and four nearly spherical 
inner cells (d). Metschnikoflf ('83) suggests that the latter group of 
four cells, supposed by some to represent the primary endoderm, may 
serve as a valve to prevent the escape of yolk-cells. The central cells 
are siurounded by a considerable number of smaller cells radially 
arranged and supposed to be muscle-cells serving to open the pharynx. 
Figs. 39 and 40 also show wandering blastomeres in all parts of the 
syncitial yolk-material of the embryo. A few of these are flattened 
to form a partial epithelium. Fig. 42 is a section through a functional 
pharjmx taking in yolk-cells (t/*). The central cells (b) are much flat- 
tened to form the lining of the lumen, and the muscle-cells are length- 
ened radially. The two inner cells shown in dotted outline belong 
to the next section. 

Up to the time when the embryonic pharynx becomes functional, 
the embryo is a solid ball of yolk in the form of a S3mcitium containing 
scattered blastomeres, with the developing pharjmx at one side, in 
the region where segmentation began. Here and there over the sur- 
face are flattened blastomeres forming an incomplete epithelium 
(figs. 39-40). As the yolk is sucked in, the embryo becomes a hollow 
ball filled with yolk-cells (figs. 43-47). [In these and the following 
figures the space occupied by the yolk cells sucked in by the embryonic 
pharynx — ^the secondary yolk (t/*) — ^is not filled in.] Fig. 43 is a 
section of a nearly spherical embryo from a capsule in which some yolk 
still remwned around the embryos. Fig. 44 is a cross-section of a 
flattened embryo of full size, all the yolk outside of the embryos having 
disappeared. In these sections the blastomeres (b) are scattered in 
the primary yolk-material (t/*) of the embryonic surface layer of the 
embryo, and still possess the characteristics of the earlier blastomeres, 
deeply-staining c3rtoplasm and large nucleus containing a conspicuous 
nucleolus. Figs. 45 and 46 show parts of sections from somewhat 
older embryos, where the embryonic phar3mx (p*) is degenerating and 
the blastomeres have multiplied so as to nearly fill the embryonic 
layer, very little yolk remaining among them. The embryonic phar3mx 
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disappears completely before the adult pharynx begins to form, but 
its relation to that pharynx appears to be the same as in P. macvlata, 
as recently describ^ by Curtis C02). In fig. 45 the ventral side of 
the embryonic layer is easily distinguishable from the dorsal side by 
its greater thickness, and the degenerating pharynx (p^) is on the dorsal 
ride, as in Curtis's fig. 51, PL 17. The embryonic pharynx disappears 
so early, when many of the embryos are quite irregular in form, that 
it is impossible to tell whether it has a fixed position relative to the 
permanent phar3mx or not, but my impression is that its position is 
variable. There is no evidence whatever that the embryonic pharynx 
serves as a tube leading to the anlage of the permanent phar3mx, as 
described by Metschnikoff ('83) for Planaria polychroa. 

Fig. 47 is from a 4-day embryo in which the pharjmx-chamber 
appears as a split in the thickened ventral region of the embryo. In 
this stage pigment and rhabdites have begun to appear in the surface 
epithelium-ceUs, and rhabdite-ceUs are fo\md among the embryonic 
cells, which are no longer like the early blastomeres, but closely resem- 
ble the embryonic cells of newly regenerated regions of adult planarians. 
Figs. 48 and 49 are sections of an older embryo (5-6 dajrs), showing 
the permanent ectoderm well developed and full of pigment and 
rhabdite-cells. So far as I am able to determine, the ectoderm is 
formed from the outer embryonic cells and not by division of the earlier 
scattered epithelium-cells. There is considerable evidence that rhab- 
dite-cells migrate from the interior to the surface and become a part of 
the ectoderm. In this embryo (figs. 48-51) the pharjmx (p^) is quite 
large and has a Imnen connected with the central yolk-area (fig. 50). 
The yolk-area is being gradually divided up by strands of cells extend- 
ing inward from the surface layer of embryonic cells to form the bound- 
aries of the axial gut and its principal branches. Fig. 52 is from an 
older embryo (7 or 8 days), in which the development of the digestive 
tract is quite far advanced. In fig. 49 there is a section of a very yoimg 
®yc («)> the pigmented cup consisting of only 5 or 6 ceUs. No brain 
is yet distinguishable, but the lateral nerve-cords are represented by a 
few strands of nerve -fibers (n). In fig. 52 the eye is much further 
advanced and the nerve-cords are larger. The eyes in all embryos of 
this age are situated much deeper in the tissue than in the adult. 
There is as yet no definite endoderm, but here and there are ceUs with 
nuclei like those of adult endoderm-cells, and processes extend out 
from them among the yolk-cells as seen in fig. 51, e. 

Fig. 53 is a cross-section of an embryo just before hatching (I2th 
day). The Imnen of the digestive tract is still full of yolk-cells and 
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the endoderm-cells also contain masses of yolk (^). Figs. 55 and 56, 
endoderm-cells containing large masses of yolk, were taken from the 
same embryo as Fig. 53. Fig. 57 shows a similar endoderm-cell from 
a yoimg planarian one day old. This cell contains one of the large 
vacuoles (v) characteristic of adult endoderm-cells, and the yolk is 
much disintegrated.. 

Thus it is perfectly plain, in this form at least, that the yolk-cells do 
not serve as a "vicarious endoderm" (Metschnikoff) ; but endoderm- 
cells, developed from the embryonic cells of the one germ layer, con- 
sume the yolk-cells in the same manner as they do other food material 
later on. 

Fig. 54 is a section from the head region of the same embryo as fig. 53, 
showing brain (b) and eyes (e). By the fourth day after birth the yolk 
has all disappeared from the lumen of the gut, but masses of it are still 
to be seen in the endoderm-cells. The late embryos and young pla- 
narians contain a very large proportion of embryonic cells and few 
muscle- and gland-cells compared with mature animals. The tissue 
of the whole body resembles that of recently regenerated parts of 
adult planarians. It is interesting to note that the interval between 
egg-laying and the development of the permanent pharynx, eyes and 
nervous system in the embryo is about the same as between merotomy 
and regeneration of the same organs in pieces of adult planarians. 

The reproductive organs develop late, and as yet have been studied 
in only two specimens. In one young planarian, 8 weeks old, one ovary 
was foimd, but no other reproductive or genital organs. In another, 
10 weeks old, there was a small antrum with the penis just forming, 
but no genital pore; one ovary and three testes were found. The 
oocytes in these young ovaries were small and only just distinguishable 
from the cells of the yoke glands, which were quite well developed. 
In the testes there were already matins spermatozoa. ^ 

Summary. 

The points that seem to need especial emphasis are : 

1. In Planaria simplissima division of the chromosomes in both 
maturation-divisions is longitudinl. 

2. The number of chromosomes in the maturation-divisions of the 
germ-cells varies frrom 3 to 6, but is usually 3. 

3. In the embryologicaJ development there is nothing corresponding 
to the typical blastula and gastrula. After several segmentation 
divisions the blastomeres form an irregular group embedded in a S3m- 
citial yolk-mass which forms a part of the embryo. Some of the blasto- 
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meres form the embryonic pharynx; others wander through the syn- 
citium. 

4. The embryonic layer which covers the secondary yolk (i/*) taken 
in by the embryonic pharynx, in no way corresponds to the ordinary 
gastmla-stage. The solid embryo has, by sucking in yolk through its 
pharynx, become a hollow ball filled with secondary yoke-cells (t/*). 
The embryo now consists of a single layer of syncitial yolk-material, 
containing scattered blastomeres which feed on the primary yolk- 
matqrial and multiply until they occupy the whole space previously 
filled by the primary yolk (figs. 43-46). Then the inner embryonic 
cells begin to serve as endoderm-cells to absorb the secondary yolk. 

5. The axial gut and its principal branches are formed by ingrowths 
from the embryonic layer, dividing up the central space which is filled 
with secondary yolk (^). 

6. Ectoderm, endoderm, permanent phar)mx, eyes, nervous system, 
reproductive organs, gland- and muscle-cells are all formed by direct 
differentiation of the embryonic cells of the one embryonic or germ- 
layer. There is no formation of two or three distinct germ layers, 
nor are any of the organs formed by folding as in most other forms. 
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Description op Plates XIII, XIV, Xy and XVI. 

Plate XIII, Pig. 1. — Ovary showing large oocytes and oviduct full of sperma- 
tosoa (pd). Bausch and LaniD, obj. i in., oc. C, camera. 

Fig. 2'. a and b. — Ovarian effg showing first maturation-spindle with 3 
chromosomes, y «= yolk granule. B. and L. ^-C. 

ilg. 3, a and b. — Same as above with 6 daughter chromosomes. 
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Fig. 4. — Same with 4 chromosomes (a part of one chromosome in next 
section). 

Fig. 5, a and 6.-^Egg from section of a capsule before la3ring, showing second 
maturation-spindle and 3 chromosomes, s »* sperm. 

Fig. 6. — Same as above, showing first polar bod^ and 3 chromosomes. 

Fig. 7. — Somatic cell from a regenerating piece oiPUmaria lugubris, showing 
6 chromosomes. B. and L. Vr-^* 

Fig. 8. Eg^ from a capsule before laying, stained with Schneider's aceto- 
carmme. p* >= 1st polar body . p* = chromosomes of 2d polar body. 
8 = sperm, e = egg-chromosomes. B. and L. J-C. 

Ilg. 0. — Similar egg with 6 egg-chromosomes (e) and 6 chromosomes for 
the 2d polaFbody (p*). 

Fig. 10. — ^Egg from same capsule as 0, showing longitudinal division at a 
andb. 

Fig. 11. — Similar egg showing 2d polar body (p*), sperm (s) and egg-chromo- 
somes (e). 

Ilg. 12. — Egg from capsule just laid showine pronuclei. 

Fig. 13. — Egg from capsule ^-4 hours after laying, showing pronuclei fused 
but nucleoli distinct. 

Fig. 14a. — Eg;; from a caimde 8-10 hours after la3ring, showing first seg- 
mentation-spindle with 6 chromosomes at each pole. 

Fig. 14b. — Optical cross-section of polar plate, showing two cross-sections 
of each of the 6 chromosomes. 

Figs. 33-35. — 2-celled, 4-celled and 8-celled stages from sections of capsules, 
showing the peculiar relative positions of the blastomeres. Fig. 35 
is a reconstruction from five sections. B. and L. ^-C. 

Fig. 36. — Section of a 32(7)-celled stage, yolk-cells breaking down at x, x. 
B. and L. f-C. 

Plate XIV, Fig. 15. — One-half of a cross-section of an unusually lar^ testis. 
a s= dividing spermatogonium, b = small spermatagomum la ter divi- 
sion, c *» resting spermatgonium. d = resting spermatocyte of the 
first order, e » first maturation division. / = second maturation 
division, g = young spermatids. h,tfk= si>ermatids in later stages. 
Z = spermatid apparentiv twice the usual size, m =» spermatozoa, 
n s empty spermatid cells. B. and L. |-C. 

Figs. 16-21. — ^Various phases of first maturation divisions, showing 3 and 
4 chromosomes. B. and L. iV~^* 

Figs. 22 and 23. — Second maturation divimon. 

Figs. 24-29. — Spermatids in various stages. 

Figs. 30-31. — Spermatozoa from the testis. 

Fig. 32.— Spermatozoon from the oviduct near the ovary. B. and L. iV-C. 

PlATS XV, Fig. 37. — Section of a slightiy later stage (64-celled)(7), showing an 
irr^^ular mass of blastomeres (b), a definite embryonic Volk-area (yO 
and a region of disintegrating yolk-cells (a). B. and L. ^-0. 

Fig. 38. — Section of a still later sti^, showing larger embryonic area con- 
taining yolk-nudei (y^). yolk-ceUs (y*), wandering blastomeres (b), 
and the beginning of tne embryonic pharynx (p'). Same magnif. 

Hg. 39. — Cross-section through the central cells (b) of an embryonic pha^niz 
(o^), well-developed, but not yet functional, c «= muscle-cells, 
y^ c= yolk-nudeus. oZ. = blastomeres scattered in the yolk of the 
embryonic area, e ^= flattened blastomere on the surface of embryo. 

Fig. 40. — Longitudinal-section throu^ an embryonic pharynx of the same 
age as 39. .a >= two of the 4 Gu*ge surface cells bounding the lumen, 
b ms two of 4 central cells, c «=> muscle-cells, d =» two of the 4 inner 
lumen-cells. « = a blastomere partiy on the surface of the embryo. 
y» e= yolk-nucleus. B. and L. }-C. 

Fig. 41. — Cross-section of the 4 inner lumen-cells of the embryo shown in 
Fig. 39. 

ilg. 42. — Functional pharynx, lumen open and yolk-cells entering. Same 
magnif. 
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Fig. 43 — Section of embryo which has sucked in a lar^ amount of yolk (y*) 
but is still surrounded by yolk, p^ =■ functional pharynx dosed. 
6 =■ a blastomere in embryonic layer, y* =» yolk-nucleus of embry- 
onic layer. B. and L. l-C. 

fig. 44. — Section of embryo from a capsule where all the yolk has been ab- 
sorbed, embryo somewhat flattened, y^ => yolk taken in by pharynx. 

Fig. 45. — ^Part of a section of an older embryo showing blastomeres filling 
the embryonic layer, slightly thicker ventral side, and d^enerating 
embryonic pharynx (p*)- 

Fig. 46. — Small part of section from same embryo showing dividing blasto- 
meres or embryonic cells, very little yolk and few yolk-nudei (y^) 
among the embryonic ceUs. B. and L. ^-C. 

Ilg. 47. — ^Later embryo (4th day) showing a very early stage in the forma- 
tion of the permanent pharynx (jr). e =» ectoderm-Ksell containing 
pigment ana rhabdites. r =» rhabdite-cell. B. and L. 1-0. 

Fig. 48. — Sections from an older embryo (6th day) showing later staee of the 
pharynx (p^), well-developed ectoderm, and stands of embryonic 
ceUs beginiune to divide off the central yolk-region into axial gut 
and its branches, a =» endoderm-cells beginning to take in yolk- 
oells. 0=>very young eye, optic cup of about 5 pigmented cells, 
n =s first appearance of nerve-cord. 

Plate XVI, Fig. 49 —The same as fig. 48. 

Fig. 60. — ^Another section of pharynx (p*) from same embryo. 

Fig. 51. — Section from same embryo, showing endoderm-cells («) sending 
out processes among the yoUc-cells (y*). B. and L. ^-C. 

Fig. 52. — Section from an older embryo (7-8 days) showing older eye («), 
larger nerve-cord (n) and formation of gut more advanced. 

Fig. 63. — Gross-section of 12th day embryo r^uly to hatch, showing well- 
developed nharynx (p*) and gut still filled with yolk-cells (y*). B. 
and L. 1-0. 

Fig. 64. — ^Another section from same embryo showing well-devdoped eyes 
and brain (h). 

Figs. 66-66. — ^Endoderm-cells containing large masses of yolk (y'),*from 
same embiyo as Fig. 63. B. and L. ^r^* 

Fig. 67. — Similar endoderm-cell from a young planarian one day old, yolk 
considerably disinte^ted. 

Fig. 68. — ^Longitudinal section of young planarian^ one day old, tail-region 
shorter than in adult, (e = eye. 6 = bram. g = gut. p* = pha- 
rynx B. and L. 1-a. 
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SELF-FERTILIZATION INDUCED BY ARTIFICIAL 

MEANS. * 



BY 

T. H. Morgan. 

It has long been known that the pollen of some plants will 
not fertilize th£ ovules of the same plant. The cause of this 
impotence has not yet been detected. 

It is also known that pollen from another plant is often pre- 
potent in those cases where normal self-fertilization may occur. 
It has further been shown, especially by Darwin, that the offspring 
from self-fertilized ovules are in general not so vigorous as those 
from cross-fertilized ones. 

There are here two problems, which, even if they should prove 
to be fundamentally related, can be most profitably examined 
separately; — first, the problem of the inability of the male ele- 
ment to fertilize the female germ-cells of the same individual; 
and, second, the effect of self-fertilization (in those cases in which 
it occurs) on the offspring. Both problems appear to be within 
the range of experimental examination. 

There are only a very few cases known amongst animals where 
conditions similar to those in plants have been found to prevail, 
although very few hermaphroditic animals appear to have been ex- 
amined in this respect. Close inbreeding, which is commonly sup- 
posed to bring about deterioration in some cases, is perhaps not 
very dissimilar to self-fertilization. Whether in the case of in- 
breeding there is ultimately a loss of power to fertilize the egg, 
or whether the egg fails to develop after it has been fertilized, 
has not, so far as I know, been determined. 

Castle discovered in the ascidian, Ciona intestinalis, a case ap- 
parently similar to those in plants. The eggs are generally in- 
capable of self-fertilization, yet can be readily cross-fertilized; i.e., 
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the spermatozoa of an individual will not fertilize the eggs of 
that individual, but have the power to fertilize the eggs of any 
other individual. 

My object in undertaking a study of this problem was, in the 
first place, to determine if possible the nature of the conditions 
that prevent or interfere with self-fertilization; and in the second 
place, I was not without hope of being able to find some way 
in which self-fertilization could be artificially induced. As will 
appear in the sequel, these two questions are not two sides of 
the same problem ; for, while it has been possible to discover the 
means of bringing about self-fertilization, it still remains to be 
definitely determined what conditions in the egg normally prevent 
the entrance of the spermatozoa of the same individual. 

Since Castle's observations had shown that the ascidians offer 
favorable material for a study of this sort, I first turned my 
attention to this group, using the three most available species 
found at Woods Hole, or in the vicinity; namely, Ciona intes- 
tinalis, Molgula manhattensis, and Cynthia partita (Styela sp.). 
The work was done while holding the Bryn Mawr Table at the 
Marine Biological Laboratory, from June to September, 1903. 
Owing to the scarcity of Ciona I have not been able to work out 
completely a number of important problems connected with one 
of the two main questions that I examined. In the near future 
I shall hope to complete this side of the investigation. 

EXPERIMENTS WITH CIONA INTESTINALIS. 

The ovary of Ciona is a sac-shaped body of fair size lying 
loosely attached in the coil of the intestine. It can easily be 
removed without cutting into the testis. Its lumen contains some 
of the ripe eggs, but the majority of these are in the oviduct. 
The oviduct can readily be opened and the eggs set free without 
cutting into the vas deferens, which follows a course parallel to 
the oviduct. If the animal is kept isolated for 24 hours the ovi- 
duct becomes greatly distended with eggs, and after another 24 
hours even more eggs may have accumulated. The eggs are 
laid normally in the early morning, at dawn, and Castle has re- 
corded that Ciona deposits its eggs and sperm with the regularity 
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of the rising sun. The rough handling incidental to removal and 
isolation appears to cause Ciona to retain its eggs for several 
days. The individuals to be used were isolated, as a rule, from 
24 to 48 hours, and in most cases were rinsed in fresh water before 
opening. It was not found necessary to boil the water; for check 
experiments showed that eggs left to themselves were never fer- 
tilized by stray spermatozoa in the sea-water. Since Ciona de- 
posits its eggs only in the very early morning, the chances are 
very slight that functionally active spermatozoa would be present 
in the sea-water in the late morning and in the afternoon when 
the experiments were carried out. 

The eggs of Ciona are surrounded by a rather thick membrane. 
Standing out like broad spikes over the surface of the membrane, 
and forming a beautiful aureole around the egg, are the trans- 
parent follicle cells, each with a shining drop in its outer end. 

A number of preliminary experiments confirmed Castle's con- 
clusion that self-fertilization is rarely possible in Ciona intes- 
tinalis. The evidence, however, on which Castle based this con- 
clusion is not altogether satisfactory, since he records many cases 
in which self-fertilization occurred. Instances are cited in which 
isolated individuals gave 90, 25, 16, 5, 4, o per cent, of self- 
fertilized eggs. Castle supposes that, in the first of these cases 
at least, the spermatozoa of one day fertilized the eggs of the 
next, but it has not been shown that the spermatozoa have this 
power if left so long in sea-water. The same individuals that 
had been used for these isolation experiments were killed (after 
being washed in 90 per cent, alcohol), and the eggs and sperm 
of each taken out and mixed together. The results gave 50, 4, 
I, J/5> o per cent, of self- fertilized eggs. The same experiment 
repeated with fresh individuals gave 50, 12^/^, 10, 5, 2,0 per cent, 
of self-fertilized eggs. From these figures it is clear that in some 
cases a considerable amount of self-fertilization occurred, unless 
there was some source of error in the experiment. In fact. Castle 
believes that in those cases where a large number of eggs were 
fertilized there was some contamination. My own results with 
Ciona have never given so large a percentage of self-fertilized 
eggs, and I am inclined to attribute this result in part to the 
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precaution that I took to isolate the individuals the day before 
they were to be used. I have rarely seen more than from i to 10 
per cent, of self-fertilized eggs segment, and in the greater num- 
ber of cases not a single egg segmented. On the other hand I 
found, as did Castle, that as a rule 100 per cent, of cross-fertilized 
eggs develop, to which statement I should add, provided the 
spermatozoa are in **good*' condition. 

What is the meaning of these remarkable facts? Why do 
not the sperm fertilize the eggs produced by the same individual, 
and yet fertilize those of any other individual? A number of 
possibilities readily suggest themselves, and since the following 
pages record an attempt to test these suggestions they may be 
briefly mentioned here: 

1. That the spermatozoa are not made sufficiently active by 
secretions from the eggs of the same individual, but by those from 
the eggs of any other individual. 

2. That the spermatozoa are not ^'attracted" to the eggs of the 
same individual. 

3. That the egg contains, or secretes some substance that les- 
sens the activity of the spermatozoa of the same individual. 

4. That some mechanical difficulty prevents the spermatozoon 
from entering the egg of the same individual. 

5. That even if the spermatozoon enters, it can not fertilize 
the egg of the same individual, in the sense of causing the egg 
to begin to develop. 

In order to discover if the lack of power to self-fertilize the 
eggs is due to the absence of some substance around the eggs that 
excites the spermatozoa, the following experiment was carried 
out. The eggs of an individual (A) were taken from the ovi- 
duct. Similarly the eggs of another individual (B) were also 
taken out. Then the ovary of (A) and that of (B) were 
crushed separately, and a little sea-water was added. The eggs 
of (A) were then allowed to soak in the crushed ovary extract 
of (B) and those of (B) in the extract of (A). After a short 
time the sperm of (A) with a little water was added to the (A)- 
eggs, and the sperm of (B) to the (B)-eggs. If the sojourn 
of the eggs in the extract of the ovary of another individual has 
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the postulated effect, or if the presence of the extract of the ovary 
of another individual has the postulated effect on the sperm, fer- 
tilization ought to have occurred. The results showed, however, 
that fertilization did not take place. 

This experiment was performed four times, giving eight sets 
in all. In six of these sets not a single egg segmented. In two 
others a very few eggs segmented (6 per cent, in one, 5 per cent, 
in the other), but this sometimes occurs in self-fertilized eggs 
not treated in any special way. Moreover there may have been 
contamination in the latter case. 

Another experiment similar in some respects to the last was also 
carried out. The heart of one individual was opened and the 
blood collected. The eggs of another individual were put into 
this blood and allowed to stand. Later, sperm of the same indi- 
vidual was added in sea-water, but no fertilization occurred in 
one set and only one per cent, in the other. Check eggs were also 
kept in this experiment to make certain that no sperm had acci- 
dentally gotten into the blood. That none were present was 
shown by the fact that no fertilization took place. It is evident 
from this experiment that self-fertilization can not be brought 
about by soaking the eggs in the extract from the ovary or in the 
blood of another individual, although the somewhat high per- 
centage of self-fertilized eggs that segmented in two cases after 
treatment with the ovarian extract may have resulted from the 
influence of the extract on the spermatozoa. 

If the spermatozoa are excited to greater activity by the pres- 
ence of the eggs of another individual it seemed not improbable 
that this might be directly observed. Therefore, I placed some 
of the sperm with the eggs of another individual and more 
of the same sperm with the eggs of the same individual, and 
compared the two preparations under the microscope. The sper- 
matozoa of Ciona are not very active as a rule, nor do they 
accumulate in crowds around the eggs, as they do in many other 
animals, or at least not to any marked extent. It seemed to me 
in both cases that sometimes the spermatozoa were more active 
immediately in the vicinity of the eggs, and in the spaces between 
the follicle cells, but as they also show the same activity around 
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pieces of the tissue of the body of the same or of another in- 
dividual I have not laid much stress on this observation, or ac- 
credited the results to the presence of an exciting substance. At 
times I have thought that the spermatozoa were more active 
around the eggs of another individual than around the eggs of the 
same individual, but as there is no very accurate means of determin- 
ing their relative motility, unless very marked, I should not wish, 
as yet, to give a final answer to this question. It is certain that there 
is no such great difference in the behaviour of the spermatozoa 
in the presence of the eggs of the same and of another individual 
as to suggest that the difference in the result is connected with this 
factor. And even if this were the case, the influence probably 
extends for only a short distance from the surface of the egg, as 
the following experiment shows. 

The eggs were taken from the oviduct, great care being taken 
not to injure the sperm-duct. The eggs from another individual 
were collected in the same way. An equal number of eggs from 
each were put together and fertilized with the sperm from one 
of the individuals. In another dish another lot of the same eggs 
were mixed half and half, and these fertilized with the spern 
from the other individual. In each of these two sets half at 
least of the eggs should be fertilized by the other sperm, but half 
should not be fertilized unless the eggs of one individual exen 
some influence that causes the sperm to fertilize the eggs of the 
same individual also. It was found that only about half of tht 
eggs were fertilized. This result shows that the fertilization i 
probably not due to some substance set free by the eggs that acts 
on the sperm or at least that if such a substance is set free its 
action is confined to the immediate vicinity of the egg. The 
experiment does not show, however, whether the egg, or its 
membranes, may not contain some substance that prevents the 
spermatozoa from entering the eggs of the same individual. Even 
if such a substance is set free from the eggs it may not have had 
time in my experiment to accumulate sufficiently in the surround- 
ing water to have prevented the spermatozoa from fertilizing the 
other eggs, which may be quickly entered. This view can be 
tested by letting eggs stand in a small amount of water for a 
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long time, then taking out some sperm from the same individual, 
first making it active by placing it in sea-water, and then putting 
it into the water in which the eggs have stood. On the hypothesis 
these sperm should soon be brought to rest, and if then the eggs 
of another individual are added, they should not be fertilized, 01 
at least not in the same proportion as when the sperm is taken 
directly from the oviducts, put into sea-water, and then added tc. 
the eggs. 

THE INFLUENCE OF ETHER ON CROSS-FERTILIZATION. 

EXPERIMENTS WITH CIONA. 

My first experiments with ether were made in order to deter- 
mine whether when eggs are etherized it might not be possible to 
self-fertilize them. The results turned out somewhat differently 
from what I had anticipated, for although I found that it was 
possible to self- fertilize the eggs in ether-solutions, the result 
seemed to be due to the action of the ether on the sperm rather 
than on the eggs. 

The experiment was first made with Cynthia, which in most 
cases has very sluggish spermatozoa. I observed that the first 
effect of the ether was to make the sluggish sperm very active, and 
even greatly quickened the activity of already active sperm. Fur- 
thermore I found that spermatozoa that scarcely moved at all 
in sea-water became active in the ether-solutions. Finally I found 
that in ether-solutions of certain strengths the eggs of Cynthia and 
of Ciona could be self-fertilized. The eggs behave in this respect 
so capriciously that I was obliged to carry out a large number of 
experiments in order to determine the conditions that lead to the 
self-fertilization of eggs in ether-solutions. The outcome was 
only partially satisfactory, but the experiments opened up a field 
for research, in which it may be possible to obtain further results 
of interest. 

The experiments with ether were carried out as follows: At 
first I used a nearly saturated solution of ether and diluted it a 
half, or a fourth, etc. In the later experiments I used solutions 
of known strength. It was found by trial that the solutions were 
effective between 0.25 and 5 per cent. Some of the results may 
now be given in detail. 
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Experiment /. The eggs were removed from an individual that 
had been isolated 20 hours. The sperm was also taken out, and, 
together with the eggs, was put into ether-solutions, 5, 2, i, 0.7, 
0.5 per cent, in sea-water. After 5 minutes, and again after 10 
minutes, the eggs were removed to pure sea-water. The eggs 
were injured by the ether in the strongest solution, but neverthe- 
less one segmented. In all of the other solutions about 80 per 
cent, of the eggs divided; the most in the weaker solutions. 

Experiment II. In this experiment the eggs and the sperm 
were put together into ether solutions of 5, 2, i, 0.7, 0.5 per cent. 
Some of the eggs were transferred to water after 5 and 10 min- 
utes, but others were left in the solutions. In the strongest solu- 
tion the eggs were killed. In the others the following results were 
obtained: 

Eggs segmented Eggs segmented. 

Ether 5 minutes in ether. 10 minutes in ether. 
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It is clear that the stronger solutions gave the best results, and 
that ten minutes immersion was better than five minutes. None 
of the eggs that were left in the ether-solutions segmented. This 
does not mean that they were not fertilized, but that the ether so 
injured the eggs after a long immersion, that they failed to de- 
velop. Several check experiments were also made in this case. 
In one the eggs were not self-fertilized but were put into a 5 
per cent, ether-solution, and transferred after ten minutes to 
sea-water. They did not segment, nor did a few that were left 
behind in the ether solution. In another check series the eggs 
were not fertilized, and were left in sea-water. None segmented, 
which shows clearly that the ether in the preceding experiment 
was in some way responsible for the self-fertilization of the eggs. 
It should also be recorded that tadpoles developed from all the 
fertilized eggs that had been in the ether-solutions. 

Experiment III. The eggs and sperm of the same individual 



Self-Fertilization Induced by Artificial Means, 143 

were put into ether-solutions of 3, 2, i, 0.7, 0.5 per cent., and 
were removed to sea-water after 10, 20 and 30 minutes. 
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The table shows that eggs segmented in all of the solutions, 
best however in the stronger solutions, although in one case the 
eggs became so injured by the ether that they did not develop 
further than the segmentation stages. In a check series, in which 
the self-fertilized eggs were put into sea-water, about ten per cent, 
of the eggs segmented. There may have been some source of con- 
tamination, or else, and this seems more likely since the indi- 
vidual had been isolated 20 hours, self-fertilization took place 
on a larger scale than usual. 

Experiment IV. Eggs and sperm were mixed in ether-solutions 
of 4, 2, I, 0.5 per cent. 

Ether 2 min. 4 min. 

4. o o 

2. 40 1 

I- 35 30 

0.5 5 I 

These results show that the 4 per cent, solution was too strong, 
while the 0.5 per cent, solution appears to have been too weak. 
The injurious action of the 4 per cent, solution appears to have 
been mainly on the sperm rather than on the eggs, for these 
eggs after they had been in sea-water 4 hours were capable o\ 
being cross-fertilized, and 25 per cent, of them developed. 

Experiment V. Eggs and sperm were put into a 2 and into a 
0.5 per cent, ether-solution and removed after 5 minutes. 

Ether 5 min. 

2. 90 

0.5 90 
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It is interesting to note in this case, in which so large a per- 
centage of the eggs were self-fertilized in ether, that of several 
hundred eggs of the same individual, to which sperm was added, 
but which were kept in sea-water, not one segmented. It was 
also found, and will be referred to again later, that when the 
sperm alone was put into a 2 per cent, soluton of ether for five 
minutes, and was then added to eggs of the same individual in 
sea-water, 70 per cent, of the eggs segmented. 

Experiment FI. In this experiment the eggs and the sperm 
were put into ether-solutions of 2 and of 0.5 per cent, and 
removed after ten minutes. In one lot the eggs were self-fertil- 
ized, in the other they were cross-fertilized. 





Self.fert. 


Cross-fert 


her 


ID min. 


ID min. 


2. 





100 


0.5 





100 



In this case although no self-fertilization took place, all the 
crossed eggs which had also been in the ether-solution developed, 
showing that the solutions have no baneful effect on cross-fertiliza- 
tion. The lack of self-fertilization shows that the sperm were 
not sufficiently acted upon by the ether-solutions employed to effect 
self-fertiliaation. 

Experiment VIL This experiment shows how slight a differ- 
ence in the conditions may cause great differences in the result. 
The individuals had been isolated 48 hours. One lot of self- 
fertilized eggs was kept in water and allowed to stand there 20 
minutes. The eggs with the surrounding sperm were then put 
into ether-solutions of 2, i and 0.5 per cent, for 20 minutes, and 
then returned to sea-water^ None of these segmented. Another 
lot of eggs from this individual were mixed with sperm of the 
same individual and put into a 2 per cent, ether-solution for 
ten minutes and then carried back to sea-water. Here 95 per 
cent, of the eggs segmented. On the other hand some of these 
same eggs taken from the ether after 5 minutes did not divide. 
The following experiments were also carried out with other self- 
fertilized eggs of the same individual. 
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Ether 



2. 
I. 



15 min. 


30 min. 
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40 



Experiment Fill. The eggs and the sperm of one individual 
were mixed in ether-solutions of 4, 3, 2, i, 0.7, 0.5 per cent., and 
removed after 10, 20, 30, 60 minutes to sea-water. It was 
noticed that the spermatozoa were very sluggish in sea-water, and 
although somewhat more active in the ether solutions, yet their 
activity was not marked. Of the eggs, which appeared to be in 
excellent condition, only three segmented, two in the i per cent. 
(20 minutes) and one in the 0.5 per cent. (20 minutes.) 

The eggs that had not segmented after the ether treatment 
were fertilized, after they had stood 6 hours, with sperm from 
another individual, and three quarters of an hour later nearly all 
had divided normally into two cells. It was observed that the 
spermatozoa of this second individual, used for cross-fertilization, 
were also very inactive in their own fluid. They seemed to be 
more active in the extract from the ovary of the first individual. 
This ovary had also stood 6 hours in sea-water. 

At the same time another experiment was made in which the 
eggs of another individual, that had been isolated for 24 hours, 
were put into ether solutions of 3, 2, i per cent, for 10, 20, and 
60 minutes, and then returned to sea-water. None of these eggs 
divided, except one in the 3 per cent, solution (60 minutes). It 
was observed in this case that the sperm was inactive even in the 
ether-solutions, but nevertheless this same sperm, not in ether, 
cross-fertilized the eggs of the other individual in the preceding 
series, and also, as stated, appeared to be somewhat active in 
the extract of the ovary of the other individual. 

Experiment IX. The eggs and sperm together were put into 
ether-solutions of 5, 4, 0.7 per cent. The sperm were active 
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There was another series in this set in which the ether was 
stronger (about one-half saturated). None of the eggs from this 
solution segmented, but they became filled with clear spots. In 
another check series, self-fertilized but kept in sea-water, none 
of the eggs developed. 

Experiment X. Sperm alone was put into ether solutions of 
6, 4, I, 0.5 per cent. It was removed (along with some of the 
surrounding fluid) and added to the eggs after 2 and 10 minutes. 

Ether 2 min. 10 min. 

6. o o 

4. o o 

I. 20 ID 

0.5 4 50 

It appears from this experiment that it suffices to put only the 
sperm into the ether-solutions to bring about self-fertilization, but 
it should not be overlooked that a certain amount of the ether is 
carried over with the sperm when the latter is added to the eggs. 
The amount, it is true, will be small, since the eggs stand in 
water which further dilutes the ether, but so long as this source 
of error is present, and it is very difficult to remove it entirely, 
the result does not show conclusively that the ether acts on the 
sperm alone, although I think this is the more probable inter- 
pretation. 

A check series of experiments was also made in which both 
eggs and sperm were put into solutions of the same strength as 
those given above, for 15 minutes and then removed to water. 

Ether. 1 5 min. 

6. o 

4. o 

I. 100 (but only ten eggs present.) 

0.5 90 

It is evident from both of the foregoing tables that only the 
weak solutions were effective, and from the first table it appears 
that this must have been the result of injury to the sperm. It 
can easily be seen that the eggs also are killed in a few minutes 
by a 6 per cent, solution of ether. 
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Experiment XL Eggs from the oviduct were put into ether 
solutions of I and 0.5 per cent, for one-half and three-quarters 
of an hour; then washed in a small amount of fresh water and 
fertilized with the sperm from the vas deferens of the same 
individual. The experiment was carried out primarily in order 
to see if the eggs were affected by the solutions, so that they 
could be subsequently self-fertilized, but it is obvious that this 
test is not a good one, since the eggs will carry with them, de- 
spite the partial washing in water, some of the ether which may 
then act on the sperm. The results were as follows : 



Ether 
i.o 
0.5 



J4 hour 
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^ hour 
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Without a check series, which unfortunately was not made, it 
is difficult to decide whether the small number of eggs that were 
self-fertilized was due to the action of the ether on the eggs 
or on the sperm. The experiment must be repeated on a more 
elaborate scale. 

Experiment XII. In this experiment with two individuals, 
weaker solutions of ether were used. In one lot the sperm alone 
was put into ether, and then added to the eggs. In the other 
lot both eggs and sperm were put together into the ether. I 
omitted recording the time in the ether, but it was probably about 
five minutes. 
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This experiment shows that the sperm of the first individual 
was incapable of self-fertilization, even with the ether present. 
In the other individual, the sperm was good, and there was a 
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great deal of it; hence, no doubt, the excellent results in the first 
column. What is especially significant is that the best results 
were obtained when the eggs and the sperm were put at the same 
time into the solution together. This may mean the ether has 
some effect on the eggs as well as on the sperm, or that the most 
effective period of activity for the sperm is immediately after 
it comes into contact with the ether. My experiments do not 
suffice to settle this point, but that the spermatozoa are. still 
capable of cross-fertilizing, after they have been in the ether 
for some time, is shown by the following result. After four hours 
the eggs of the first individual were mixed with the eggs and the 
sperm of the second individual. Later it was found that all 
the unsegmented eggs had been fertilized. The ether had no 
doubt largely evaporated. 

The preceding twelve experiments with ether-solutions gave 
definite results, although in a few cases the number of eggs self- 
fertilized was small. It should be stated that there were ten 
other individuals in which self-fertilization in ether did not take 
place. This does not detract, I think, from the value of the 
successful experiments, because, as has been shown, the sperm 
is sometimes incapable of fertilizing even the eggs of another 
individual. The following experiments were carried out in order 
to examine this question further. It will be observed that parallel 
experiments with ether were also performed. 

In each series five individuals were used. The eggs of each 
were fertilized with the sperm of every other individual. The 
following scheme shows the order in which the eggs were crossed. 
An individual having been opened, the eggs were removed from 
its oviduct and distributed in five dishes, A-A. Another individual 
was then opened (using, of course, different scissors, pipettes, etc.) 
and its eggs distributed to the next line of dishes, B-B. The same 
method was followed for the other three individuals. The sperm, 
a, of the first individual was then taken out and put into a small 
amount of water. It was then distributed to one set of eggs from 
each of the other Individuals, B, C, D, E; then the sperm of B 
was taken out and applied to another set of eggs. The process 
was repeated until all the eggs were supplied with sperm. The 
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sperm in each case is indicated in the table by the small letter 
used as an exponent. The first set of A-eggs was as a rule fer- 
tilized with the e-sperm and the last set of E-eggs with the a-sperm. 
Experiment XIIL — 

E^lOO E»'100 E^lOO EMOO E* 85 

D^lOO D^lOO DaOO D'lOO D^lOO 

O 98 0100 C^ 75 C^ 75 OlOO 

B* 99 B^lOO B^lOO BMOO B^OO 

A*(S?«S^) A»>(Sit2^^) A^OO A^ 85 A^ 99 

In this experiment practically all of the eggs were fertilized 
by the sperm of another individual. When fewer than the total 
number segmented (fertilized), immature eggs may have been 
present. As a check series A, B, C, D and E were self-fertilized. 
None segmented, except in E, where two eggs out of the twenty 
present, i. e., 10 per cent, divided. 

The two ether series (self-fertilized) of these same eggs gave 
the following results : 
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Experiment XIV, An experiment similar to the last was carried 
out, with five other individuals, and gave the following results: 

E» 4 
D'lOO 
100 
B'lOO 
A* 100 

« 

Despite a few slight discrepancies in this table, the main result 
is clear. In only two of the five individuals was the sperm capable 
of cross-fertilization, namely, the e-sperm and the d-sperm. 

There was also a self-fertilized series of these eggs, and in this 
not any of the eggs segmented. The ether series gave the fol- 
lowing results: 



E' 





E" 





E' 30 


EMOO 


D' 





D" 





D' 


£). (.ortj.) 


C» 





C" 





C*(.S) 


C-100 


B' 





B' 





B« 


B- 50 


A« 





A" 





A' 


A* 100 



^ 



ISO 




T. H. Morgan. 




Ether 


A 


BCD 


E 


0.5 





000 


10 (only ten eggs.) 


I.O 





? 2 


50 



It becomes evident from this result that the frequent failure 
of the sperm and eggs (mixed together) to self-fertilize in ether 
is due to the poor quality of the sperm. The poor sperm does 
not cross-fertilize, and presumably for the same cause it can not 
always be made to self-fertilize even in the ether. That sperm 
that is too poor to cross-fertilize may sometimes self-fertilize with 
the help of ether I hold to be possible. I regret that I did not at- 
tempt to determine whether poor sperm, that will not cross-fer- 
tilize, can be made to do so by means of ether, but other experi- 
ments lead me to think that it would often do so. 

Experiment XV. In the following experiment all of the sperm 
appears to have been good except that of A, whose eggs, how- 
ever, were in excellent condition. 
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It is clear that the a-sperm was poor, although it did well 
in C* in which 70 per cent, of the eggs divided. 

There was also a self- fertilized series in which none of the 
eggs segmented, except 5 per cent, in B. (In C, 90 per cent, of 
the eggs divided, but this may have been due to accidental con- 
tamination.) In the ether series the following results were ob- 
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In this case although the spermatozoa of B, C, D, E were capa- 
ble of crossing, they self-fertilized in ether very poorly, except in 
C, where good results followed. 

Experiment XVL In this experiment again only the first in- 
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dividual produced poor sperm, yet it did fairly well in one case, 
and in ether gave some results. 



E'3 5 2 .xh jE" 100 Z<^^j E' 80 U^ E- 100 E' 70 

D'l Oi n":« D-'IOO^S D« lOO D'lOO D* 30 

O; .1 ■- 0100 C-lOO 0100 C 100 

B» 25 (.■'^) B'(^) B'(-,) B=(^) B'(0 

A' 75 A*" 100 A' 100 A" 100 A' 100 

In the self-fertilized series no eggs segmented. The ether 
series gave the following results: 



Ether 


A 


B 


c 


D 


E 


0.5 


2 


4 


2 


30 





1.0 


50 irZ) 


12 {rX) 





10 


30 



The experiments recorded in Exp. XIII to XVI show that 
the sperm is at fault when cross-fertilization does not take place. 
In fact, eggs in the oviduct seem always to be capable of cross- 
fertilization. It is also evident that it is more difficult to get 
results with ether when the sperm does not cross-fertilize well, 
than when it does act well in this way. From this it seems to me 
very probable that when the ether fails to bring about self- fer- 
tilization the fault lies with the sperm. We may perhaps even 
go further and conclude that the action of the ether in bringing 
about the self-fertilization is on the sperm alone, but I am not 
in position to prove positively that the action of the ether on the 
eggs may not also enter into the result. 

In concluding my account of these experiments on Ciona, I 
should like to point out that I had constantly in mind the possi- 
bility that the ether might produce parthenogenetic segmentation, 
and that the sperm had in reality nothing to do with the result. 
It was abundantly shown, however, that this was not the case, 
and in the few experiments in which I put this view to the test, 
by keeping eggs without sperm in ether - solutions of various 
strengths, I got no results when the eggs were returned to water. 
It should be noted in this connection that Lyon^ has recently 
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recorded that he was unable to cause artificial parthenogenesis in 
Ciona intestinalis at Naples by any of the ordinary means that 
excite this development in other eggs. 

I shall discuss later the view as to whether eggs may be entered 
by the sperm of the same individual, but fail to develop unless 
incited to do so by some external agent. 

It has been pointed out in the preceding pages that the eggs of 
Ciona may be fertilized after they have been in sea-water several 
hours. I made a test of this again in the following experiment: 

Experiment XVII. Some eggs were cross-fertilized at once, 
others after 30, 80, 125 minutes, with fresh sperm from the same 
individual. All the eggs developed. A striking fact was ob- 
served in this case. The eggs fertilized late began to segment 
after a shorter interval than did those fertilized at once, so that at 
the 32-cell stage those fertilized last were only one division behind 
the first set, and no doubt soon caught up. It appears that a 
ripening process goes on in the egg as it stands in the sea-water, 
so that it begins to segment more quickly after it is fertilized 
than does an egg fertilized as soon as removed from the oviducts. 
It even appeared that after the first cleavage the rhythm of divi- 
sion was quicker in the eggs whose fertilization had been de- 
layed, but this point needs a special examination which I have not 
yet made. The discovery is all the more significant because the 
first polar spindle is already formed in Ciona while the egg is in 
the oviduct, and the spindle remains resting in the equatorial plate 
stage until the egg is fertilized; hence the difference in time of 
segmentation can not be accounted for by the time required for 
the breaking down of the egg-nucleus and for the formation of 
the polar spindle after the egg has been removed from the ani- 
mal. Some change must take place in the sea-water, which, while 
it does not cause the polar spindle to pursue its development, yet 
causes the developments that take place after the spermatozoon 
enters to go on more rapidly. 

EXPERIMENTS WITH CYNTHIA 

The ovaries of Cynthia extend far forward, and have a very 
short oviduct. Each ovary — there appear to be two in each in- 
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dividual — is double, the halves being united at the distal end. 
Owing to the close proximity of the ovary to the surrounding 
tubes of the testis, it is possible only by very careful manipulation 
to get the eggs out of the cavity of the ovary without cutting into 
the testicular tubes. When it was necessary to separate the eggs 
from the sperm of the same individual, I have carried out this 
operation, but in general the ovaries and the testes were cut up 
together. 

For the purpose of studying the effects of self-fertilization 
Cynthia is in many respects inferior to Ciona because self-fer- 
tilization takes place to a very large extent. On the other hand, 
if check experiments are used for each individual, this factor can 
be estimated, and the very fact that Cynthia does self-fertilize 
its own eggs to such an extent gives an opportunity to examine 
other aspects of the problem. A much more serious difficulty 
is met with in that artificial cross-fertilization is often unsuccessful 
in this species. Even when the eggs and sperm from a large 
number of individuals are mixed together, fertilization may not 
take place ; but in curious contrast to this result are the following 
observations on the egg-laying processes of this animal kept in 
aquaria. On several occasions a number of individuals were put 
together in the same dish. About c o'clock in the afternoon one 
after another began to send out jets of eggs and of sperm pro- 
ducing the effect of a lively cannonading. Under these circum- 
stances it was found that every single egg was fertilized. Perhaps 
only ripe individuals sent out their eggs and sperm, or perhaps the 
eggs were mature in all individuals, and the sperm from one or 
two individuals may have sufficed to fertilize all of the eggs. In 
general it is, I think, the sperm of Cynthia that is not good. 
Certainly the spermatozoa are often very sluggish when taken 
from the testis and put into water. May it not be possible that 
when the eggs are laid, Cynthia secretes some other fluid that 
makes the sperm active? This point needs further investigation. 

The best means that I found to determine the extent to which 
self-fertilization of the eggs of Cynthia may take place was to 
isolate some of the individuals early in the day, and observe in 
those that emitted eggs and sperm in the late afternoon the per- 
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centage of eggs that segmented. The following four records 
were obtained in this way: For August 1 1 — 33, 10, 100, 95, 95, 
75, ID per cent. For August 16 — 30, 30, 10, i, 75, 90, 85 per 
cent. For August 19 — 33, o, 10, 4, 4, o. For August 20 — 12, 4. 
A much larger number of individuals gave off neither eggs 
nor sperm, and some produced sperm and no eggs, and vice versa. 
The results in the above list show all conditions from perfect 
self-fertility to absolute self-sterility, although some of the latter 
cases may have been due to no sperm being given off. 

A few preliminary trials were made with two (A and B), and 
with three (A, B, and C) individuals. The scheme of crossing 
is given in the following diagrams : 
For Two Individuals. For Three Individuals. 

A* B** A» B** O 

A'^ B* B* A** B^ 

O C* A^ 

A few examples of the results with two individuals are as 
follows : 



A* 


B-- A* 


B" 


A''few 


B* 15 A" 10 


B'lO 


A* 


B" 0(„'a.) A* 


B" 00 


A" few 


B* 20 A" few 

A' B'>0Q') 
A" 50 B* 


B'few 



Comparing the self-fertilized eggs with the crossed-eggs, it 
is clear that while self-fertilization did not take place in nine 
cases, and in only one egg in the other case, yet cross-fertilization 
more frequently occurred, but never so completely as when many 
individuals normally deposited their eggs and sperm together. 
In addition to these cases there were three others in which none 
of the eggs, neither self- nor cross-fertilized, segmented. One 
of the results with three individuals is given in the next table : 

A» B^ 2 00 

B* few A'' very feu^ B^ 25 

75 Orare A' 4 
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In this experiment the a- and c-sperm did not self-fertilize, but 
the former did well with C- and the latter with B-eggs. The 
b-sperm self-fertilized to a slight extent, but did no better with 
the A- and with the C-eggs. 

In the next series the results are more striking: 



A» 


B" 





B'95 


A" 50 n,T) 


B' 1 


C'50 


C" very few 


A' 50 



Here none of the sperm self- fertilized the eggs. The a-sperm 
did quite well with the B- and C-eggs (95 and 50 per cent) . The 
b-sperm did well with the A-eggs, but not with the C-eggs. The 
c-sperm did well with the A-eggs, but not with the B-eggs. It 
may appear from the preceding table that there is something more 
involved than simply the question of good sperm, for the same 
sperm appears to act differently with different eggs. 

Another experiment with three individuals gave no eggs self- 
fertilized, but good cross-fertilizations with the c-sperm; less good 
with the b-sperm. These experiments should be carried out on 
a larger scale, and at different times of the year, but they suffice 
to show that self-fertilization is very infrequent when the process 
is an artificial one. It takes place to a considerable extent in some 
cases when eggs are normally laid. Moreover the artificially 
crossed eggs do not segment nearly so well in Cynthia as in Ciona. 

The next experiment shows the action of ether on self- and 
cross-fertilized eggs. Some of the eggs and sperm of one in- 
dividual, A, were removed and put into sea-water. Other eggs, 
A% were self-fertilized in an ether-solution, and a third lot, A^, 
were crossed with sperm from B (A-sperm was also present). 
The same process was carried out with B which was crossed with 
sperm from A. 

A BO 

A* few B** few 

A** very few B* very few 

The results show that the self-fertilized eggs in ether did as 
well as those that were crossed, but none of the eggs in water alone. 
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with their own sperm, segmented. Another similar experiment 
with two other individuals gave the following results : 



A 


B 


A« 


B" 


A" 50 


'Da / onljr one v 



In another set the ether appears to have been too strong, yet 
50 per cent, of A** divided. 

In another experiment, 10 per cent, of the self- fertilized eggs 
in ether segmented, and 50 per cent, of the crossed. 

In another, 5 per cent, of the self-fertilized eggs in ether seg- 
mented, and 75 of the crossed. 

The next set is more instructive: 

A BO 

A» 100 B»> 

A»» 2 B- 4 

It is clear that the ether had a marked effect in A*, making all 
of the eggs self- fertilize. This is all the more interesting be- 
cause none of the eggs without ether self-fertilized. Both eggs 
and sperm of the B- set appear to have been in poor condition, so 
that the sperm did not cross-fertilize, or the eggs become cross- 
fertilized, to any extent. 

In searching for other substances that might act on the sperma- 
tozoa as does tht ether, I tried, amongst other things, a solution 
of ammonia in sea-water, and this I found made the spermatozoa 
even more active than the ether. Dilute solutions of alcohol 
from I to ID per cent, also excite the spermatozoa to greater ac- 
tivity. Certain salt-solutions, ammonium chloride (i, J/^, J4 P^r 
cent), magnesium chloride (2 per cent.), and sodium chloride (i 
per cent.) appeared also to act on the sperm, but much less ef- 
fectively than does ether, alcohol, or ammonia. In the alcohol 
series of i, 3, 5, 6, 10 per cent., it was found that i per cent, made 
the sperm very little more active ; 3 per cent, more so ; 5 per cent, 
most active; 6 per cent, less; 8 per cent, no effect; 10 per cent., no 
effect. The last two solutions undoubtedly injured the sperm. 
In another series, 7 per cent, gave the best results. 
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A few experiments were carried out in order to see if the sperm 
made active by the alcohol, would self-fertilize the eggs when 
it would not do so without the stimulus. Here, as in the preceding 
series, the same lettering will be used in the tables. A* self- 
fertilized in sea-water, A* self-fertilized in alcohol-solution, A^ 
crossed in alcohol-solution. 

A» B»>0 

A* [Alcohol] few B** [Alcohol] several 

A»» 20 B* 50 

In this experiment while no eggs were self-fertilized in sea- 
water, a few or several (the percentages were not recorded) were 
self-fertilized in alcohol, but even more developed in the crossed 
lots. 

In another experiment only one individual was used. The 
eggs, self-fertilized in sea-water, did not segment, but 10 per cent, 
did so in a 3 per cent, soluton of alcohol, and 50 per cent, in a 5 
per cent, solution of alcohol. 

Solutions of ammonia gave similar results. Sperm an4 eggs 
were mixed together in very dilute solutions of ammonia. Many 
eggs divided and of these most appeared, from their method of 
division into several cells at once, to be polyspermic. Some of 
the sperm from the last lot was added to eggs in sea-water. 
Fewer eggs were fertilized, but several that were fertilized were 
polyspermic. Eggs (not separated from their own sperm) were 
crossed in ether. All of these were polyspermic. Another set 
gave almost identical results. 

It is clear from these experiments that those solutions that 
make the spermatozoa more, active often induce fertilization of 
the eggs, when such a fertilization does not take place without 
the use of the solutions. The activity of the sperm and the fer- 
tilization of the egg appear to be directly connected. This point 
will be more fully discussed later. 

EXPERIMENTS WITH MOLGULA. 

On each side of the body of Molgula there is an ovary sur- 
rounded by a testis. It is very easy to open the central cavity 
of the ovary, and remove the eggs without cutting the testis. 
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A few preliminary experiments showed that the sperm of Mol- 
gula fertilizes the eggs of the same individual. The following 
illustrations will show the great powers 6f self-fertilization of 
this species: 



A* 85 

A"- 90 


B" 90 
B« 100 


A'lOO 
A" 100 




B" 2 

B» 90 [irregular 


A» 100 
A" 100 


B" 100 
B' 100 


A' 
A'' few 




B-lOO 
B* 




A* 90 
A" 100 




B" 
B' 


0' 
100 



These cases make it clear that the sperm is capable of fer- 
tilizing the eggs of the same individual. Whether the sperm 
of another individual is prepotent I did not attempt to determine. 
There were only a few cases in which neither self- nor cross- 
fertilization was effective, and whenever good crossing was accom- 
plished self-fertilization was also realized, showing that when the 
sperm is good, it will readily fertilize the eggs of the same 
individual. Since similar results were obtained when three in- 
dividuals were used it will not be necessary to give the latter 
cases. The experiments were not extensive enough to show whether 
good sperm affects the eggs of certain individuals better than it 
does others, but Molgula is not well suited to test this point. 

It occurred to me as possible that in Cynthia and in Molgula 
the power to self-fertilize the eggs might be due to the eggs 
coming from the ovary on one side of the body, and the sperm 
from the other side. Conversely, if this were true, the lack of 
self-fertilization in Ciona might be connected with the presence 
of only one ovo-testis. I examined this possibility for Molgula. 
The eggs from the small ovo-testis were fertilized with sperm 
from the same side, and other eggs with the sperm from the other 
side. In both cases all the eggs were fertilized. Conversely, the 
eggs from the large ovary were fertilized with sperm from the 



1 In B the sperm was probably bad. The Ab must therefore have been self- 
fertilized. The same conditions hold also for the second couple. 
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same side, and others with sperm from the opposite side. Here 
also all the eggs segmented. It is perfectly evident, therefore, 
that the question of self-fertilization in Molgula is not connected 
with the double condition of the ovo-testis. 

EXPERIMENTS WITH OTHER FORMS. 

In order to find out how generally ether, alcohol, and ammonia 
excite to greater activity the movements of cilia, of flagella, and 
of the spermatozoa of other animals, I made a few experiments 
on certain protozoa and on the spermatozoa of the frog and of 
the rat. 

Ether, 5 per cent, stops the movements of paramoecium, and 
kills stentor; 3 per cent, slows up the movements of the former, 
and causes stentor to throw off its outer layer; the movements of 
free swimming vorticellae seemed to be increased; 2 and i per 
cent, hasten the movements of paramoecium and of stentor. 

Alcohol of 6 and of 8 per cent, slow down the movements of 
paramoecium and stylonychia, and cause stentor to disintegrate; 
10 per cent, kills; 4 per cent, appears to be near the limit, and 
seems to increase their activity; 2 per cent, clearly increases their 
activity. 

Ammonia 1/200 per cent, kills paramoecium, stentor, and sty- 
lonychia; and even 1/2000 also kills; 1/5000 per cent, seems to 
make these protozoa somewhat more active, but I have not suf- 
ficiently tested this solution. 

Some of the same solutions were used with euglena, which 
moves by means of an anteriorly directed flagellum. Ether 5 
per cent, makes them somewhat more active; 3 per cent, less so, 
and 2 per cent, gives no very noticeable effect. Alcohol 10 per 
cent, kills; 8, 6, and 4 per cent, make them swim more actively; 
2 and I per cent, give no definite result. Ammonia 1/200 kills; 
1/2000 per cent, does not appear to make euglena more active, 
but other strengths should be tried. 

A male spotted frog {Rana halecina) was killed in No- 
vember; its testes opened, and the immobile sperm squeezed 
out into normal salt-solution. It was found that it took 
some minutes to get a noticeable effect. Ether 5 and 2 
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per cent, caused the spermatozoa to show some movement 
in the course of 15 minutes. Alcohol gave better results. A 
10 and a 6 per cent, solution awakened the spermatozoa to ac- 
tivity; a 4 per cent, gave the best results of all. In no case, how- 
ever, was the activity very great. No movements were detected 
in ammonia-solutions, but only two strengths were used. 

These scattering and incomplete observations show that these 
substances are in all probability general stimulants for protoplas- 
mic activity of certain kinds. 

I have also made a few experiments with the spermatozoa 
of mice. The spermatozoa were taken directly from the testis 
of a mouse that had just been killed. The solutions were added 
to a drop of the sperm squeezed out from the testis into a drop 
of physiological salt-solution, consequently the dilution is greater 
than actually given by the percentage. In certain strengths of 
ether (5 per cent.) and of alcohol (8 per cent.) it appeared that 
the movement was increased; with ammonia I did not get satis- 
factory results. The observations are made more uncertain here 
because, when the testes are opened, spermatozoa in all stages 
of development are found, and are consequently acted upon dif- 
ferently by the solutions. It would be more satisfactory to use 
a larger animal and take the spermatozoa from the vasa deferentia, 
where they are all fully formed. It is certain, however, that al- 
cohol and ether do not produce as great effects on these sperma- 
tozoa as they do on the spermatozoa of the ascidians and of 
some other marine animals that I have examined. 

In one of the preparations of the inouse testis the water began 
to run out at one side and it became apparent at once that the 
spermatozoa all turned and headed up-stream. It has been re- 
corded by Kraft that spermatozoa swim in the opposite direction 
to that in which the cilia of the oviducts act. My observation 
suggests that movement in this direction is not due to the sper- 
matozoa swimming against the direction of the greatest action 
of the cilia, but against the stream that is produced by the cilia. 
The movement may be a simple physical phenomenon — the lighter 
tails of the spermatozoa being swept backwards by the current 
so that the heads are turned up-stream, and the contraction of 
the tail then causes the spermatozoon to travel in this direction. 
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In later experiments the sperm was taken from the vasa defer- 
entia, and put first into distilled water where the spermatozoa 
remained quiescent. If a drop of salt-solution (water lOO, NaCl 
0.75) was added to a drop of water containing the spermatozoa, 
they became active in the course of a minute or less, and their 
activity continued to increase for several minutes longer, when 
they remained active for some time. If a drop of a 5 per cent, 
ether solution is added to a drop of water containing quiescent 
spermatozoa, no result is seen at first, but after ten minutes I 
have observed a slight vibration of the spermatozoa. If now 
after the ether has been added, a drop of the salt-solution is also 
added,the spermatozoa become active,but it is difficult to determine 
whether they become more active than when the salt-solution alone 
is present. Certainly there is no marked difference. If a drop 
of 8 per cent, alcohol is added to a drop of water containing the 
spermatozoa no activity is observable, but if then a drop of salt- 
solution is also added the spermatozoa begin to swim, showing 
that the alcohol had not injured them, although it had failed to 
arouse them to activity. Several strengths of KOH (3 per cent, 
and weaker) were tried, but without effect; yet if salt-solution was 
added later some slight activity was seen. 

In another scries of experiments the spermatozoa quiescent in 
water were first made active by adding the salt solution. If ether 
was then added no decided effect on the sperm could be seen 
when their activity was compared with that of check preparations 
of salt-solution only. It appeared sometimes as though the ether 
did make the activity more pronounced, and the movement of the 
spermatozoa appeared somewhat different in the two cases. In 
the ether the motion was more jerky, and in the salt solution more 
sinuous and normal. 
^ The following solutions were also tried : The sperm was first 

put into a drop of water, and then a drop of the solution was 
added. NaHCO., 0.625 per cent, caused the sperm to vibrate 
rather actively; NagCOg, 5.0 per cent, caused a little activity after 
five minutes; KCl, 0.5 per cent, caused greater activity than 
did the sodium carbonate, while CaCl caused somewhat less vibra- 
tion. 
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These, and some other experiments that need not be described 
here, show that salt-solutions of various kinds have a marked 
effect in arousing to activity the inactive spermatozoa of the vasa 
deferentia. They also make active, spermatozoa that are quies- 
cent in distilled water. On the other hand ether, alcohol, and 
ammonia, which proved so efficient for the spermatozoa of the sea- 
urchin and starfish, appear to have little effect on the spermatozoa 
of the mouse. 

The more fundamental physiological question as to the nature 
of the action of these different substances I shall not attempt to 
discuss without a further basis of observation and experiment to 
go upon. Enough has been seen, however, to suggest that the 
substances act as a ^'stimulus," which is perhaps not dissimilar in 
kind from that which causes some eggs to begin to develop, or 
a nerve impulse to start, or a muscle to contract. Here also we 
may urge, as I have urged elsewhere^ in opposition to Loeb's 
conclusion in regard to the action of certain agents in causing 
artificial parthenogenesis, that the nature of the stimulus is of 
such a kind that the result depends much more on the structure 
or the composition of the living thing than upon the kind of 
stimulus employed. So unstable is the living organization that 
the slightest change brought about in it by chemical or by physical 
means suffices to set into action a perfectly definite and pre- 
arranged series of events. 

HISTORICAL REVIEW. 

The action of ether, ammonia and alcohol on the speramtozoa 
of Ciona, arousing them to greater activity and thus, under certain 
conditions, bringing about the fertilization of the egg, raises the 
question as to whether in the higher animals a similar action may 
not result from the application of these and of other substances, 
and also whether the secretions of some of the glands connected 
with the reproductive system may not have a similar effect on the 
spermatozoa. 

When I tried to find some substances that might bring about 
self-fertilization in Ciona I was not aware that there had already 



1 Science. N. S. XI. 1900. Pp. 178-180. 
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been made several experiments on the action of solutions on the 
spermatozoa of other animals. I find that there are quite a num- 
ber of observations of this sort, although none of the observers 
have had in view the same question with which I was especially 
concerned. 

KoUiker in 1856 carried out an extensive series of experiments 
on the eflfect of different solutions on the spermatozoa of the 
bull, dog, rabbit, horse, and also made a few observati(His on the 
spermatozoa from a human cadaver. He found that water alone 
quickly brings spermatozoa to rest, but does not kill them. They 
can be aroused to activity by adding, for instance, a 10 per cent, 
solution of disodium phosphate.^ Many other substances were 
found favorable to the activity of the spermatozoa, such as blood- 
serum, sugar in certain strengths, sodium chloride, caustic pot- 
ash, etc. 

The caustic alkalies (potassium, sodium, and ammonium hy- 
droxide) were found to be especially powerful excitants. Kol- 
liker also tried a number of other solutions, such as three different 
kinds of sugar, glycerine, gum, etc., which in certain strengths 
cause increased activity; also urea, gall, morphine, strychnine 
(nitricum), which have an indifferent effect. He also tried al- 
cohol, creosote, chloroform, ether, alkaloids, and tannin, which 
have an injurious effect. KoUiker also examined the action of the 
secretions of the glands of the male reproductive organs — the 
uterus masculinus, prostate and Cowper's glands. He found 
that these secretions excite the spermatozoa to greater activity.^ 

The much more recent experiments of Steinach bear even more 
directly on the present problem. He found that after removal of 
the glandulae vesiculares ("receptaculum seminalis" of some writ- 
ers) of the male rat, that, although the sexual instinct remained, 
the number of young that were bom was much decreased. When 



1 KoUiker gives the formula 2Na0H0P0g, which is no doubt disodium 
phosphate, now written Na^HPO^. 

2 Moleschott and Richetti are quoted by KoUiker as recognizing the favorable 
action of sodium salts on the spermatozoa. Quatrefages found that the sper- 
matozoa of the weasel showed a "surexcitation" in 64 parts sea water to one 
part sea salt. Newport found that potassium carbonate, and also 1/480 of 
potassium salt made the activity of the spermatozoa of the frog greater. 



164 T. H. Morgan, 

this gland, as well as the prostate, was removed no young at all 
were bom, although frequent union with the females took place. 
The results may be due to the semen being insufficiently diluted 
when it is not mixed with the secretions of the glands, or else to 
the absence of proper excitation of the spermatozoa when the 
gland-secretion is removed. That the spermatozoa may be nor- 
mally acted upon by the secretion of the glands was shown by 
Steinach in the following way : Sperm from the vas deferens was 
mixed with a physiological salt-solution. A drop was placed 
under a cover slip and the edges sealed to prevent evaporation. 
The preparation was kept at a temperature of 35° to 37° C. A 
similar preparation was made with the secretion of the prostate. 
In the former the spermatozoa began to lose their activity in one 
and a half hours, and after three hours had come completely 
to rest. In the other preparation, that containing the extract 
from the prostate gland, the spermatozoa were active after 11 
hours, and ceased to move altogether only after 22 hours. This 
experiment shows that the secretion of the gland prolongs greatly 
the period of activity of the spermatozoa. Whether it excites 
them to greater activity is not stated, but Kolliker's results leave 
no doubt on this score. The decrease in the fertilizing power 
when the glands were removed may well be connected, as sug- 
gested above, with the lessened activity of the spermatozoa. 

Buller has recently studied the question as to whether the 
spermatozoa of the sea urchin are attracted to the egg, — in other 
words, whether, as some authors have assumed off-hand to be the 
case, there is a chemotactic action of the egg on the spermatozoa. 
He points out that although Strasburger claimed that the egg 
of Fucus excretes a substance that attracts the spermatozoon from 
a distance of two diameters of the egg, Bordet and Buller himself 
have failed to confirm this statement. Massart thinks that in 
the case of the frog the meeting of the spermatozoon and the egg 
is purely accidental. Buller finds for the sea-urchins, Arbacia, 
Echinus, and others, that when the spermatozoa are set free near 
the egg they show no tendency to swim towards it. The dense 
collection of spermatozoa that forms around the egg is due to 
those that happened to run into the jelly sticking there. These 



Self-Fertilization Induced by Artificial Means. 165 

spermatozoa then proceed to bore into the jelly; most of them 
in a radial direction, although a few can be seen to go in obliquely, 
or tangentially. The same phenomenon occurs in unripe eggs, 
and in eggs that have been killed in weak osmic acid and the 
acid washed out. It is improbable, therefore, that chemotaxis 
has anything to do with the result. 

In order to see if any substance is given off by the eggs that 
attracts the spermatozoon, the eggs were taken from the ovary, 
carefully washed, and allowed to stand for 2 to 12 hours in a 
small amount of sea-water. Capillary tubes were then filled with 
this water and placed in a drop containing spermatozoa. The 
spermatozoa did not show any tendency to collect around the 
openings of the tubes. Several other substances .were tried in 
the tubes in the same way, — salts, sugar, ferments, acids, alcohol, 
etc. — ^but no chemotaxis was discovered. 

The spermatozoa of the sea-urchins swim in spirals. Coming 
into contact with a surface, the spiral is changed to a circular 
movement due to contact. Buller considers whether the radial 
path taken by most of the spermatozoa after they have entered 
the jelly is due to stereotropism. He reaches the conclusion that 
while theoretically this assumption will explain the phenomenon, 
yet conclusive evidence in favour of this view is lacking. He 
suggests that it may be possible to find a purely physical solution 
of the problem: 

Von Dungern has examined the question of cross-fertilization 
from the point of view of the different substances contained in the 
egg, and has reached some conclusions of the greatest interest. 
He finds that the egg of the starfish, Asterias glacialis, contains a 
substance that acts as a poison on the sperm of the sea-urchin 
(Echinus or Sphaerechinus). The minimal lethal dose for the 
sperm mixed with 2 ccm of sea-water varies considerably with the 
individual; for Echinus between 1/800 to 1/6400 part is fatal 
in half an hour. Von Dungern tried to obtain an antitoxin from 
the blood of the rabbit that would neutralize the effect of the 
poison of the eggs, hoping that it might be possible in this way 
to bring about the cross-fertilization of the egg of the starfish 
by the spermatozoon of the sea-urchin. He found, however, that 
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the serum of the normal rabbit already contains a substance that 
has a powerful antitoxic action on the poison of the starfish, so 
that it was not necessary to obtain an antitoxin by injecting the 
poison into the rabbit. The antitoxin of the rabbit's serum was 
added to water containing the eggs of Asterias, and then sperm 
from a sea-urchin was supplied. Von Dungern often obtained 
two- and four-cell stages in this way, but the results were uncertain, 
and he could not decide whether fertilization had or had not 
taken place. It seems not improbable, I think, that the outcome 
may have been due to artificial parthenogenesis which occurs 
very readily in the eggs of certain starfish; in fact, it is very 
difficult to prevent its occurrence, unless the eggs are very care- 
fully handled. 

The same poison that is present in the eggs of the starfish is 
also secreted by the skin. It is also rendered harmless by the 
rabbit's serum. In the sea-urchin there is a poisonous substance 
in the gemmiform pedicellariae, which is very injurious to the 
sperm of the starfish. If lOO of the pedicellariae of Sphaerechi- 
nus are rubbed up in one ccm of sea-water, the solution will de- 
stroy in a quarter of an hour the sperm contained in ten to twenty 
litres of sea-water. The minimal lethal dose for 2 ccm is 1/5 120 
to I /i 6240 ccm. The spermatozoa of Sphaerechinus itself are 
killed by this fluid, but a much stronger dose is necessary. On 
the other hand an extract of the egg of Echinus, Sphaerechinus, 
Strongylocentrotus, or Arbacia does not kill the spermatozoa of 
the starfish even in the strongest solutions. What then prevents 
the spermatozoa of the starfish from entering the eggs of these 
sea-urchins? There is another factor, Von Dungern thinks, that 
interferes with this combination. The egg membrane of these 
urchins has an agglutinizing effect on the spermatozoa of the 
starfish. This agglutinizing effect appears to be the same phe- 
nomenon as that seen "whenever cells of any kind are introduced 
into the body of another animal." So far as this process is in- 
volved in the union of germ-cells. Von Dungern thinks that under 
certain conditions it might assist the fusion, while under others 
it might interfere with it. Thus two naked and equivalent cells 
might be helped to unite, while an egg surrounded by an agglu- 
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tinizing jelly would fail to be fertilized. The substance in the 
sea-urchin's egg that agglutinizes the starfish sperm can be ren- 
dered ineffective by the rabbit's serum. Not all starfish sperma- 
tozoa are agglutinized by the jelly or by the egg-substance of all 
the different sea-urchins. In Sphaerechinus it fails to occur. 
Therefore in this case the failure to cross-fertilize must be due 
to some other factor, and, in fact, Von Dungem claims to have 
found still another substance in the sea-urchin's egg that excites 
to greater activity the immature and quiescent spermatozoa of 
the starfish. These immature sperm, made active by this sub- 
stance, are then capable of fertilizing the eggs of the starfish. 
He found that weak doses of chloral hydrate and of cocaine also 
make these quiescent spermatozoa active, and that rabbit's serum 
has a marked effect. Von Dungern believes further that these ex- 
citing substances may actually prevent, in certain cases, the cross- 
fertilization, because they may change the kind of reaction shown 
by the sperm. He observed that the spermatozoa of those 
species that do not normally show rotational movements when 
they come in contact with surfaces, usually do so when the excit- 
ing substances just mentioned are present. It does not appear 
to me, however, that this is an altogether satisfactory explanation 
of the failure of cross- fertilizationjn these cases. 

Von Dungern also examined the question as to whether the 
egg secretes a substance that favours fertilization by its own 
sperm. He believes that he has also discovered such a substance. 
The eggs of Echinus (or of Sphaerechinus) are rubbed up and 
mixed with pieces of jelly that have been carefully washed. When 
sperm is added to the water in which such pieces lie they stand 
vertically to the surfaces of the pieces. If on the other hand the 
pieces of jelly are not mixed with the substance from the egg, the 
spermatozoa simply rotate on the surface of the jelly, and do not 
stand vertically. Starfish spermatozoa with Arbacia jelly be- 
have as with simple jelly alone, i. ^., they do not stand vertically. 
The vertical position of the spermatozoa is due. Von Dungern 
thinks, to the presence of some substance in the extract that lowers 
the excitability of the spermatozoon to contact, and hence it takes 
a vertical position. He also points out that this same substance 
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causes the spermatozoa to lose their power of movement in a 
short time. Thus, while Von Dungem finds no evidence of a 
substance in the egg that attracts the sperm, he believes that there 
may be present in some eggs a substance that favours the fer- 
tilization of the egg, by causing the spermatozoon to assume that 
position in the jelly that is most likely to bring them to the surface 
of the egg. 

Loew has attempted to show by an experiment, which is not, I 
think, well suited to prove his point, that the spermatozoa of the 
rat are attracted to, i. e., that they are positively chemotactic to, 
the slime layer of the uterus and also to the alkaline mucosa of 
the digestive tract, but not to the acid slime of the vagina. His 
method of experimenting was as follows : A piece of the mucosa 
of the uterus was put on one side of a slide and a piece of the 
vagina on the other. A drop containing the sperm was placed in 
the middle of a cover-slip, and this put over the pieces on the 
slide. It was found that the sperm collected more on the side 
near the piece of the uterus, and from this Loew infers that they 
have been attracted to this side. In the light of the other experi- 
ments described above it will be clear, I think, that the greater 
accumulation of the sperm on one side by no means establishes the 
conclusion that they have been attracted to this side. Loew tried 
to show that filter paper saturated with alkaline substances acts che- 
motactically on the spermatozoa, in the sense that they move to- 
wards such substances, but, as in the preceding case, it does not nec- 
essarily follow because spermatozoa collect around or in certain 
substances, therefore they must have moved towards these sub- 
stances. The recent work of Jennings on the protozoans shows that 
their accumulations in certain areas is not due to the action of sub- 
stances that cause the individuals to swim towards those sub- 
stances, but on the contrary to their action being such that those 
individuals that enter areas containing these substances are unable 
to leave them. The result is the same as when the spermatozoa, 
touch the jelly of the egg and stick to it, although the means by 
which the accumulations are formed in the two cases are entirely 
different. It would be interesting to see if spermatozoa may 
not behave towards certain solutions as do the protozoans. 
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THEORETICAL. 

It has been often assumed by embryologists that there exists 
some sort of attraction between the eggs and the spermatozoa of 
the same species. This idea would readily suggest itself to anyone 
who saw spermatozoa collecting in crowds around the iggs, but 
it by no means follows that this phenomenon is really due to an 
attracting substance emanating from the egg. The result may 
be due to the membrane of the egg, to which those sperma- 
tozoa stick that come accidentally into contact with it. In 
fact I have observed similar collections of spermatozoa in the 
ascidian around pieces of the body tissue, where the result had 
every appearance of being due to some sticky substance, exuding 
from the piece, rather than to an attraction exerted by the piece 
on the spermatozoa. 

Pfeffer's oft-quoted experiment with the antherozooids of ferns, 
liverworts, etc., appears to support the idea that the antherozo- 
oids are attracted to the malic acid that is present in the neck of 
the archegonia, but in the light of the recent experiments of Jen- 
nings and others, as to the way in which unicellular forms accu- 
mulate in a drop of acid, we can readily see that the results may 
have a very different interpretation from that usually given to 
them. Confining our discussion to the results obtained with the 
ascidians, I offer the following tentative analysis of the problem : 

The failure of the spermatozoon of Ciona to enter the egg of 
the same individual may be conceived as due to some physical ob- 
stacle. It is conceivable that pores may exist in the egg-membrane, 
or even in the surface of the egg itself. This is the argument 
that Pfliiger^ used in the case of cross- fertilization of the frog's 
egg. If in the ascidian there existed a correlation of such a sort, 
that the size of a spermatozoon of a given individual is always 
greater than the pores of the eggs of the same individual, then 
self-fertilization could not take place. That this is not the real 
explanation is shown by the fact that good spermatozoa are ap- 
parently capable of fertilizing the eggs of all other individuals. 
This would certainly not be the case if the exclusion of the sperma- 
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tozoon from the egg of the same individual was due to the size 
of the pores, because there would be eggs of some other individuals 
having pores as small or smaller. Another possibility that sug- 
gests itself is that the surface tension of the egg is of such a sort 
that it excludes the spermatozoa of the same individual, but this 
idea does not appear to give a satisfactory solution, for, aside 
from the fact that it is difficult to imagine how such a relation 
could exist, there would also occur cases in which the surface ten- 
sion of the eggs of other individuals would exclude certain sperm, 
and this does not appear to be the case. It is true that the ad- 
dition of the ether to the water may cause a difference in the 
surface tension of the egg, and it might be made to appear that 
this was the way in which the self-fertilization is effected in the 
ether-solutions, but I can not believe that this is the explanation 
of the results, because other experiments show that a considerable 
amount of ether is necessary to cause self-fertilization. 

It seemed to me that violent shaking might so affect the sur- 
face of the egg that self-fertilization might take place. A 
number of eggs from the oviduct were violently shaken for a 
few minutes in a small vial, and then sperm from the same in- 
dividual was added. No segmentation took place, and the pre- 
sumption is therefore that the eggs were not fertilized. 

Turning to the chemical side we find a number of possibilities 
that demand consideration. The inactivity of the immature sper- 
matozoa, and the lack of power of such sperm to fertilize the egg, 
their becoming active in certain solutions, and their power then 
to fertilize eggs that they did not fertilize before, as best shown 
in Cynthia, suggests that normally the eggs may secrete certain 
substances that make more active the spermatozoa, which then be- 
come capable of fertilizing the eggs. This view appears all the 
more attractive in the present case on account of the observed leth- 
argy of the spermatozoa of these ascidians, and the apparent con- 
nection in such cases between this condition and the impotence of 
such sperm in fertilization. Yet after careful consideration I am 
not prepared to advocate this view as the only solution, although I 
realize that it might be made to give the appearance of a ready 
explanation of my results. Not that this induced activity may not 
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be one of the factors to be taken into consideration, but it is not, 
I think, the whole explanation. My reasons for regarding this 
view as insufficient are the following: It was found that sperm 
that appeared to be very little active was sometimes capable of 
cross-fertilizing the eggs of another individual. Possibly this 
may be due to somewhat greater activity induced by something 
secreted by the eggs of the other individual, yet on the whole I 
can not claim that direct observation gave any convincing evi- 
dence in favour of this assumption. More significant are the 
results of the experiment of mixing eggs from two individuals, 
and subsequently fertilizing them with the sperm from one of 
the individuals. Half only of the eggs segmented, presumably 
those cross-fertilized. If some substance that makes the sperm 
active were really thrown out by the eggs, then we should expect 
that all the eggs would have been fertilized, unless indeed the se- 
cretion loses its power a short distance from the surface of the 
egg that secretes it ; but this does not seem to be a probable inter- 
pretation. 

A different point of view is that the egg secretes some sub- 
stance that attracts the spermatozoa. On this view we must 
suppose that the substance secreted by the egg of Ciona has no 
attraction for the spermatozoa of the same individual. 

The little evidence that I have to offer, based on experiments 
with ascidians, is not favorable to this idea, that the cross-fertiliza- 
tion is due to some attractive substance secreted by the egg. In 
the species that I have examined there is no such marked 
accumulation of spermatozoa around the eggs as is seen in many 
other animals, and nothing in the behaviour of the cross- and self- 
fertilized egg to suggest that the difference in the results is due 
to an attraction in the one case, and to the absence of an attraction 
in the other. In other forms where there is a better opportunity 
for examining this question the most recent observations go to 
show, as has been pointed out in detail above, that there is no suf- 
ficient evidence for the view that the egg attracts the spermato- 
zoon. 

Conversely, it may be supposed that the egg secretes some sub- 
stance that repels the spermatozoa of the same individual. I 



172 T. H. Morgan. 

observed nothing that would support such a conclusion, and this 
interpretation of the process would be foreign to what we find 
in general in connection with fertilization even in cases where the 
sperm of one species does not fertilize the eggs of another. 

We come now to a more subtile argument, and one that we 
are scarcely in position to discuss profitably in our present state 
of ignorance concerning the union of egg and spermatozoon. 
It may be assumed that there is some sort of "chemical affinity" 
between the egg and the spermatozoon that causes the two to 
unite when they come together. On this assumption we should 
have to suppose in Ciona that this affinity does not exist, or at 
least is less strong, between the egg and the spermatozoa of the 
same individual than between those of different individuals. Such 
a statement carries us no further, however, than the facts, and in 
the case of Cynthia we should have to assume that the affinity is 
so nicely balanced that sometimes the spermatozoon can unite, and 
sometimes it can not. In the case of Molgula the affinity must 
be assumed to suffice to bring about self-fertilization. Until we 
can give some more tangible form to this idea it does not appear 
to have any greater value, than the mere statement of the facts, 
and indeed may have less value, since it may give a wrong im- 
pression as to the real factors at work. 

Finally there might be advanced what may be called the electro- 
chemical hypothesis. The union of the egg and the spermatozoon 
may be supposed to be an electrical phenomenon, connected with 
a difference in the chemical composition of the two elements. The 
sperm head is almost pure nuclear chromatin, while the surface 
of the egg is protoplasmic. Possibly the spermatozoon and the 
egg have different electrical charges and unite with each other 
if brought near enough for the charges to become effective. But 
on this supposition it is not clear why the eggs and the sperm of 
the same individual would not unite. Here also we get no light 
on the absence of self-fertilization in Ciona. 

I have kept constantly in mind while at work on this problem 
the possibility that the spermatozoon may really enter the egg, but 
fail to develop there, or fail to start the development of the egg, 
because, coming from the same individual, it was not sufficiently 
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diflfcrent in composition to supply the necessary stimulus. The 
ether might be supposed to make the sperm sufficiently different 
from the egg to start the cleavage, or the ether might itself supply 
the stimulus which is capable of starting the development of the 
egg after the spermatozoon has entered. 

The test of this view should be found in direct observation 
of the eggs themselves. I prepared therefore a series of eggs 
of Ciona, some unfertilized for check series, others self-fertilized, 
but not put into ether, and others like the last, but put into ether. 

The difficulties of determining whether the spermatozoa can 
enter the eggs of the same individual, but fail to start the devel- 
opment, are greater than may appear at first sight. The sperm 
head is so minute that if after it entered no changes were af- 
fected in the protoplasm about it, its presence might be readily 
overlooked, and since the spermatozoon of Ciona enters the egg 
in a granular zone that colors more deeply in certain stains than 
does the rest of the egg, the difficulty is thereby increased. Of 
course I have been on my guard against cases where the sur- 
rounding sperm have floated over the section, as sometimes hap- 
pens, or have been carried over it by a defect in the knife, and I 
have also been careful to exclude all cases where specks of foreign 
matter may have been on the slide, or in the fixative. There are 
also two further precautions to be taken. When the egg with- 
draws from the membrane and the test-cells are extruded, as it 
were, from the outer zone of the egg, the protoplasm is some- 
times drawn out in mamiliform processes that stain deeply and 
resemble the entrance cone formed by the spermatozoon pene- 
trating certain eggs. Even when the protoplasm does not pro- 
trude, deeply staining spots are generally present and are espe- 
cially obvious after iron haematoxylin. Careful staining with 
Delafield's haematoxylin shows clearly that these spots have noth- 
ing to do with the entrance of spermatozoa. Furthermore these 
spots are found in unfertilized eggs. After iron haematoxylin 
minute deeply staining bodies, flattened against the outer surface 
of the egg, can generally be found, and these strongly suggest 
spermatozoa. That they are not such is shown by their presence 
in unfertilized eggs, and by their absence after the Dclafield 
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stain. I mention these points because they might easily lead one 
after only a casual examination to conclude that spermatozoa 
enter the eggs. My best results have been obtained by drawing 
out the iron haematoxylin until the protoplasm has lost all of its 
color, or better still by using the Delafield stain, and also thor- 
oughly extracting the color from the protoplasm. 

Although I have examined a large number of preparations I 
have not seen a single definite case without ether in which a 
spermatozoon has entered the egg of the same individual. Diffi- 
cult as it admittedly is to be absolutely certain on this point, yet if 
the spermatozoa had entered and had begun to enlarge I feel 
certain that I should have detected their presence. That un- 
developed sperm-heads may be present I must admit as a pos- 
sibility, but I have not detected them, and believe that I should 
have been able to do so were they present. It is also a point of 
some importance that I have not found any spermatozoa within 
the egg membrane, although quantities of them may lie outside. 

There is a further point in this connection, the importance of 
which I did not appreciate until I had closed the experimental 
part of my work. In the eggs of many animals a change takes 
place in the egg, after the penetration of one spermatozoon, of 
such a sort that the entrance of more spermatozoa is prevented. 
I have found in Ciona that, after the sperm has stood with the 
eggs of the same individual and has failed to fertilize them, these 
eggs could still be readily fertilized by spermatozoa from another 
individual. If a spermatozoon of the same individual really 
enters the egg it does not in consequence bring about such a change 
in the egg that other spermatozoa can not enter, and therefore 
many spermatozoa of the same individual from which the eggs 
were taken should be expected to gain entrance, but I am quite 
certain that this, at least, does not occur. From this consideration 
also it may be inferred that the spermatozoa do not normally pene- 
trate the eggs of the same individual. 

In the light of these observations it seems probable that whenever 
a spermatozoon enters the egg, the egg begins to develop regard- 
less of whether the spermatozoon comes from the same or from 
another individual. The ether must therefore induce a change 
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of some sort that directly effects the entrance of the spermatozoon 
into the egg, and at present I see no other interpretation that is 
left than that this entrance is due to the greater activity of the 
spermatozoon that causes it to overcome some resistance, either 
on the surface of the egg itself, or in the membrane surrounding 
it. The nature of this resistance I did not detect, and this must 
be the next step in the analysis. One method by which this view 
may be tested is obvious, and has already been referred to. The 
spermatozoa made active by sea-water must be placed in an ex- 
tract of the eggs (or body-tissues) of the same individual, and 
then, after a time, the eggs of another individual added. On 
the hypothesis these eggs should be less likely to become fertilized 
than eggs placed directly in contact with the fresh sperm. 

It has been found that certain substances secreted by the glands 
of the reproductive organs of the male mammal arouse the sper- 
matozoa to greater activity. It has also been found that many 
other substances have a similar effect on spermatozoa. It would 
be equally interesting to discover if the secretions of other parts 
of the genital ducts of the male or of the receptacula of' the fe- 
male, when such are present, may not bring the spermatozoa 
to rest, or keep them quiescent until some other exciting agent 
arouses them. It seems almost certain that this must be the case 
in those animals in which the spermatozoa of the male are stored 
up in receptacula of the female, as for instance in the honey bee, 
or in such a hermaphroditic animal as the earthworm. The 
length of life of the spermatozoa in some of these forms would 
seem to make some assumption of this sort necessary. Experi- 
ments can easily be made that would decide this question. Kol- 
liker has shown, in fact, that water quiets the spermatozoa of 
mammals without killing them. 

In the ascidians it is probable that the spermatozoa in the vas 
deferens are quiescent. It is significant that in these hermaphro- 
ditic forms the oviduct in which the eggs are stored takes a course 
parallel to the male duct. Possibly the proximity of the two 
ducts may be connected with the lack of power of self-fertilization 
of the eggs, because the egg may be saturated with the same 
substances that keep the sperm quiescent. It may be, however. 
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that this relation is more fundamental, and the particular substance 
is one peculiar to the whole body. That the reaction must be 
something quite specific is shown by the fact that the spermatozoa 
are able to enter eggs of any other individual. 

It appears probable that of all the different substances that 
excite the spermatozoa to activity the secretions of the glands 
connected with the male reproductive organs may be the most 
efficient. From a statement of Kolliker's it seems not improbable 
that the substance secreted in the glands of one species may be 
also efficient for the spermatozoa of other species. Whether 
by the use of the substances from the glands of another mammal 
it might not be possible to excite human spermatozoa to greater 
activity and thus assist materially in bringing about fertilization 
in cases where the impotence is on the side of the male remains 
to be examined. There is here a question that may have an im- 
portant practical aspect. 

The lack of power to self-fertilize in plants may also be due 
to the inability of the pollen tube to penetrate sufficiently far into 
the stigma and style. It appears that penetration does actually 
begin in some cases that have been observed, but possibly the 
growth may be arrested further down in the style. The pre- 
potency of other pollen would then find its explanation in the 
more rapid growth of this foreign pollen. Here again is an op- 
portunity for future work.^ 

In attempting to formulate a theory to account for the deter- 
mination of sex, Castle assumes that there are two kinds of sperma- 
tozoa, male and female, and that there are also two kinds of eggs, 
male and female. He also assumes that a female egg can be 
fertilized only by a male spermatozoon and that a male egg only 
by a female spermatozoon. I have already pointed out elsewhere^ 
that my results do not support this assumption. Castle appealed 
to the case of Ciona as one in favour of his contention, for the 
eggs here can not be fertilized by the sperm of the same individual. 
It is not explicitly stated to the contrary, and the reader might be 
led to infer from the context that in Ciona all the eggs and all 
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the spermatozoa of one individual must be supposed to be male, 
and in another individual the re\'erse ; but certainly this is not the 
case, and could not have been Castle^s meaning, for if it were so 
then half of the individuals would be infertile with the sperm of 
the other half, and this is not so. I have pointed out that 
my results with ether, etc, do not support Castle^s assumption, 
although it might, of course, be claimed that the ether causes 
the spermatozoa to lose, as it were, their homosexual repugnance. 
However this may be, I have found that no such lack of power 
to self- fertilize is found in some other ascidians, as in Molgula 
for example. If my supposition is correct, that self-fertilization 
in Ciona is due to the presence in the eggs of some substance that 
brings the spermatozoa to rest, the whole question assumes a very 
different aspect and does not appear to have any connection with 
the question of the determination of sex. 
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NOTES ON REGENERATION IN TUBULARIA 

CROCEA. 

HELEN DEAN KING. 

The following experiments on Tubularia {Parypha) crocea were 
made during the summer of 1903, at Woods Holl, Mass., while I 
was occupying a research room of the Carnegie Institution in the 
Marine Biological Laboratory. The work was done under the 
direction of Prof. T. H. Morgan to whom I am indebted for 
many helpful suggestions. 

I. The Effect of the Earuer Closing of One End of a 
Long Piece of the Stem of Tubularia. 

In experimenting on the EuropeaYi hydroid Tubularia mes- 
eMbryantkemum, Morgan (10) allowed the ends of long pieces of 
the stem to close and then, after an interval of from one to eight 
hours, he cut the pieces transversely through the middle region so 
that two new cut surfaces were exposed (Fig. i, B, 
C), As a result, the aboral development of the proxi- 
mal piece CD, was hastened. In many cases a polyp 
appeared on the aboral surface, D, as soon as did a 
polyp on the oral end, C, and in a few pieces a 
hydranth developed at Z^ as early as did the hydranth 
on the distal end of the anterior piece, AB, This re- 
sult is explained by Morgan as follows : " When a 
piece is cut in two in the middle one, two, three or 
more hours after its ends have closed, the influence 
of the oral end is temporarily removed, and the aboral 
end, which now has a start on the new oral end* 
may gain the ascendency and be the first to pro- 
duce a polyp. Often, however, the polarity of the 
piece is sufficiently strong to give the precedence to 
the influences acting on the oral end. When the 
two influences are equally balanced, two hydranths may simul- 
taneously develop." 

In repeating these experiments on the American hydroid, 
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lubularia crocea, the hydranths already present at the anterior 
ends of the stems were removed by a transverse cut about 2 mm. 
behind the proximal circle of tentacles, and then pieces of stem 
varying in length from 30-40 mm. were cut off and the ends 
allowed to close. After an interval of from two to eight hours 
the stems were cut through the middle as in Fig. I, -ff, C, thus 
producing a freshly cut surface (Fig. I, 5) at the aboral end of 
a distal piece, and also one at the oral end (Fig. i, Q of a 
proximal piece. The results of this series of experiments are 
given in Table I. to IV. The first column gives the total number 
of individual stems operated upon ; the second column shows the 
time that elapsed between the removal of the hydranth and the 
cutting of the stem through the middle ; and in the following 
columns the results two, three, and four days after the operation 
are indicated. H}\ signifies the regeneration of a complete hy- 
dranth ; /. a, indicates the formation of tentacle anlagen only ; 
while O is used to indicate that no regeneration had taken place 
when the observations were made. The letters A, B^ C and D 
refer to surfaces thus marked in Fig. i ; and the numbers in 
parentheses show the number of cases in which similar results 

were obtained. 

Table I. 

Number of Interval Between Result in Result in Result in 

Individuals. Cuttings. Two Days. Three Days. Four Days. 



(A.,Jiy, (6) (A (A 

\ \ same, -j 

[B.., O (6) [B [b 



.Mine. 
[B... O (6) [B {B 

6 2 hours. 



(/>... O (6) (/>... ''•"• (2) (/).. J/, a. (I) 



^ (4) (O (3) 



Owing, probably, to differences in the temperature of the 
water in which they live, regeneration in Tubularia crocea is much 
slower than in Tubularia mesembryanthemum. In the former 
species a new hydranth rarely develops until two days after the 
removal of the old hydranth, while in the latter species a new 
hydranth frequently regenerates in the course of twenty -four 
hours. In all of the experiments in this series, as shov/n in the 
above table, a polyp formed on the oral end, A, of the anterior 
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piece, AB, before one developed on the oral end, C, of the prox- 
imal piece, CD. This result might, of course, be expected as 
the oral end, A, closed two hours before the end, C, In no case 
did a polyp develop at the aboral end, Z>, of the proximal 
piece as soon as one formed at the oral end, C, A start of only 
two hours, however, is sufficient, in most cases, to cause the for- 
mation of a hydranth at D before one develops at the aboral end, 
B, of the distal piece, AB, 

The results obtained when the intervals between the cuttings 
were four, six and eight hours are given in Tables II. to IV. 

Table II. 



Number of 
Individuals. 



10 



Interval between 
Cuttings 



4 hours. 



Number of 
Individuals. 



Interval between 
Cuttings. 



8 



6 hours. 



Result in 
Two Days 



Result in 
Three Days. 



1 



f/i^'. (6) 

l^ (4) 
0[io) 

(0 
(9) 
£>... O (10) 



CA... 
C i^'' 



} hy. (6) 



\b .„ O (10 

\h- (2) 



\ 



\ o 



1;! 



Table III. 



Result in 
Two Days. 



! 
I 



A.. 

B,. 
C 

D.. 



ih- (3) 

(O (2) 
• O (8) 



^fty. (I) 
■\0 (7) 

• O (8) 



! 
{ 



Result in 
Three Days. 



ihy. (6) 
"'\t.o. 



B ... 



(2) 
O (8) 

h' (5) 

(3) 

n } f-^' (4) 
^"'\0 (4) 



, f hy. 



Table IV. 



Result in 
Four Days. 

!A ... hy. (lO) 
*•••{';;■ ill 

/'■•■••{fcill 



Result in 
Four Days. 



{i 



hy. 
O 



1 



(8) 
(8) 

(8) 



C . . hy. 



— t^ (4) 



Number of 
Individuals. 



I Interval Between 

I Cuttings. 



12 



8 hours. 



Result in 
Two Days. 



Result in 
Three Days. 



(hy. (6) iA...hy. 
... < /. a. (4) -< 

[O (3) [B...0 



B ... 

C 



(6) 
(4) 
(3) 

O (12) 

O (12) 



(•2) 



D... O (12) 



1 



c 



• jhy. (10) 
'"■\/.a.(2) 



D 



(hy. (2^ (hy. (5 

(<^ (7) I ^ (7 



Result in 
Four Days. 

A ...hy. (12) 

B ...O (12) 
C....hy (12) 

h'- (5) 
) 
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There is a great similarity in the results of these experiments. 
In all cases a hydranth formed on the oral end, A, of the an- 
terior piece before one developed at any other cut surface, and 
the rate of development of a polyp from the aboral surface, Z>, 
was more rapid than that from the aboral surface,.^, even in 
those cases in which D had only two hours start over B. In no 
case, however, did a polyp form at D before one developed at C, 
even in the experiments in which D closed eight hours before C, 
As was the case in the experiments made by Morgan, an interval 
of eight hours between the two cuttings has, apparently, no more 
effect on the regeneration than has an interval of only two hours. 
The formation of a polyp at the oral end, C, of the proximal 
piece, CD, does not prevent the early development of a polyp at 
the aboral end of the same piece, and in some cases there is only 
a few hours interval between the formation of the two hydranths. 
The earlier development of a hydranth at A, however, seems to 
check the formation of a hydranth at the aboral end, B, of the 
distal piece for some time, as in no case did a hydranth develop 
at B until five days after the experiment began. This difference 
in the rate of development at D and at B cannot be due to a 
difference in the lengths of the pieces, because, in making the ex- 
periments, the stems in all cases were cut as nearly as possible 
through the middle and any difference in the lengths of the anterior 
and of the proximal pieces would be too slight to have any ap- 
preciable influence on the result. The earlier closing of the 
aboral end, D, of the proximal piece, CD, evidently counter- 
balances to some extent the influence of the oral end, as sug- 
gested by Morgan. As a result, the development of a polyp at 
D is hastened somewhat, although in no case is a hydranth 

formed here before or as soon as one develops at the oral end of 
the piece. 

The effect of the earlier closing of the aboral end of long 

pieces of the stem, in both Tiibidaria mesembryanthemum and in 
Tub III aria crocea, is to hasten the development of the aboral sur- 
face. The influences that bring about this result are apparently 
not as strong in the latter species as in Tubularia ffusemlryati' 
thcmum where the aboral development may be hastened so much 
that polyps develop simultaneously at both ends of the piece. 
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This seeming difference between the two species may possibly be 
due to the fact that Tubularia crocea, which lives in cold water, 
regenerates very slowly and, therefore, comparatively slight dif- 
ferences in the rate of regeneration at the oral and aboral ends of 
the stem can be readily noted. Tubularia jnesembryanthemum, on 
the other hand, lives in much warmer water and its regeneration 
takes place so quickly that it is difficult to detect slight differences 
in the rate of development of the polyps at the cut oral and 
aboral surfaces. 

In a variation of the above experiment, a piece of silk thread 
was tied tightly around the stem about 2 mm. below thehydranth^ 
and another piece was tied about 30-40 mm. below the first. 
Both ends of a long piece of stem were, therefore, closed at prac- 
tically the same time in such a way that no regeneration was 
possible from either end of the piece. After the ends had been 
tied, the stem was cut transversely through the middle as in Fig. 
1,5, Cy in order to ascertain whether subsequent regeneration 
from the cut surfaces, B^ and C, would be hastened in comparison 
with the rate of regeneration from similar surfaces of pieces of 
stem of the same length, cut at the same time, but not closed 
artificially at one end. The control pieces of stem were kept in 
the same dishes with those used in the experiment, and both sets, 
therefore, were under the same external conditions. 

Eight long pieces of stem were used in this experiment. Two 
days after the operation, tentacle anlagen had appeared at the 
cut ends of all of the sixteen pieces, but they were not as well 
developed on the aboral end, B, of the anterior piece as they 
were on the oral surface, C, of the posterior piece. At this time 
there was no indication of any regeneration at the aboral sur- 
face of the anterior piece in the control set of stems, although in 
some cases complete hydranths, in other tentacle anlagen, were 
present on the oral end of the proximal pieces. On the third 
day after the operation, polyps were found on the oral end, C, of 
all of the proximal pieces, both in the control and in the tied 
stems. The development from the aboral surface, By of the an- 
terior pieces, however, did not keep pace with that at the oral end, 
Cy of the proximal pieces, as at this time only two of the pieces of 
stem tied at one end had produced hydranths at the aboral sur- 
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face, B, the rest had, as yet, developed only tentacle anlagen ; 
in the control stems, no development from the aboral surface, B, 
had taken place in any case. 

It is seen from the above experiments, that the development 
of a hydranth at the oral end of a piece of the stem of Tubu- 
laria crocea is not hastened by artificially closing the aboral end. 
Tying the oral end of a distal piece of the stem, however, hastens 
the development of the aboral end of the piece as compared with 
the development that takes place from the aboral surface of a 
piece of stem of similar length that is not closed at the oral end, 
as Driesch has shown. This result also agrees with that obtained 
by Loeb (7) in experiments in which he stuck the oral end of 
pieces of the stem of Tubu/aria mesembryanthemum in fine sand, 
leaving the other end freely surrounded by water. He found 
that ** Durch Hemmung der Polypenbildung am oralen Ende 
kann man also die Polypenbildung am aboralen Ende besch- 
leunigen.'* 

In a third set of ten experiments, hydranth bearing stems 
about 30 mm. in length were removed from the colony and kept 
until a polyp formed on the cut aboral end. The time required 
for the development of these aboral polyps varied from three to 
five days in different cases. After all of the pieces had developed 
hydranths at the aboral end, each stem was cut transversely 
through the middle as in Fig. 2, B, C, The object of these 
experiments was to ascertain whether the presence of a hydranth 
at the aboral end, D, of the proximal piece, CD, would alter the 
polarity of the piece and thus prevent or retard the development 
of a hydranth at the oral end, C, The stems were cut through 
the middle region on June 19. Not until June 22 were there 
any indications of a development of a hydranth at the oral sur- 
face, C, and then only faint traces of tentacle anlagen were found 
in three stems. At this time, no development had taken place 
from the aboral surface, B, of any of the anterior pieces, AB. 
For control experiments, pieces of stem about 30 mm. in length 
were cut through the middle as in Fig. i, BC, at the same time 
that the transverse cuts were made across the stems bearing a 
hydranth at each end, and on June 22, well developed hydranths 
were present at the oral end of all of the proximal pieces. On 
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June 23, three of the ten proximal pieces of stem bearing aboral 
hydranths had also developed hydranths at the oral end ; while 
the oral end of two other pieces of stem showed well developed 
tentacle anlagen which developed into 
hydranths on the following day. No 
further changes took place in any of 
the pieces although they were kept for 
some ten days longer. 

It is seen from the above experiments, 
that the presence of a hydranth at the 
aboral end of a piece of the stem of 
Tubularia delays, but does not prevent, 
the development of a hydranth at the 
oral end of the piece. This result can- 
not be due simply to the fact that the 
proximal end of the piece was closed 
by the presence of the aboral polyp, 
because, in the previous set of experi- 
ments, it was shown that closing the 
aboral end of a piece of stem by tying 
does not delay the development of a 
polyp at the oral end. It seems prob- 
able that the polarity of the piece was 
changed, for a time at least, by the 
presence of a hydranth at its aboral end 
and, therefore, the influences for hydranth 
formation at the freshly cut oral surface 
were not strong enough to bring about the development of a 
polyp for some days. 



B 

c 




Fk;. 2. 



II. Experiments on Bkaxching Stems. 

The following series of experiments were made in order to as- 
certain whether the development of a hydranth on the oral end 
of a stem will influence the rate of development of a hydranth 
on the distal end of a long or of a short piece of a branch, and 
also to determine what conditions are necessary in order that the 
formation of a hydranth at the one place will prevent the forma- 
tion of a hydranth at the other. 
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Series i. — On June 24, twenty experiments were made in 
which a branch was cut off about i mm. from its origin in the 
stem, and then the anterior end of each stem was removed by a 
transverse cut leaving a piece from 10-20 mm. above the place 

of union with the branch (Fig. 3). In one case, a 
hydranth developed on the cut end of the branch two 
days after the operation, and at the same time a 
polyp also formed on the oral end of the main stem 
which in this instance was 20 mm. in length above 
the origin of the branch. In all other individuals at 
this time tentacle anlagen had formed at the oral end 
of the stem, but there was no indication of the devel- 
opment of a hydranth at the cut end of any of the 
branches. On June 27 hydranths were found at the 
oral end of all of the stems and also on the distal 
end of four branches ; all the remaining branches 
had well developed tentacle anlagen excepting one 
which showed no signs of regeneration during the 
course of the week that the hydroids were kept. In 
this set of experiments, therefore, with the exception of the one 
case noted, regeneration of a hydranth took place at the distal 
end of the long stem before a polyp formed at the oral end of the 
short branch. 

The results of this set of experiments might possibly be con- 
sidered to be due to the fact that the longer piece exerted some 
kind of an influence over the shorter piece that would tend to 
alter the polarity of the shorter piece and thus retard develop- 
ment from its cut oral surface. That a larger piece of a hydrozoa 
can influence the polarity of a smaller piece is shown unques- 
tionable in grafting experiments that I made on Hydra viridis 
(King, 6) in which the larger component of the graft either 
absorbed the smaller component or formed a permanent union 
with it. In the latter case, the polarity of the smaller piece was 
completely reversed, if necessary, in order that a structure 
might regenerate on its cut surface that would produce a normal 
polyp. Another factor that might, possibly, cause a delay in the 
development of a hydranth from the cut surface of the shorter 
piece is the length of the piece. Morgan has shown that in 
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Fig. 4. 



branching stems a short piece of a branch or of a stem regener- 
ates as does an isolated short piece, i, e., the region of the ten- 
tacle anlagen is reduced and the rate of development of a 
hydranth is much slower than that of a hydranth from the cut 
end of a long piece of stem. Both of these factors may help to 
bring about the delay in the development 
of a hydranth from the oral end of the 
shorter piece in all of these experiments 
with branching stems in which there is a 
marked difference in the length of the stem 
and of the branch. 

Series 2, — Seventeen branching stems 
from different colonies were cut so that the 
anterior portion of the stem above the place 
of union with the branch was only about i 
mm. in length, while the length of the 
branch varied in different cases from 8-25 
mm. (Fig. 4). Two days after the opera- 
tion, hydranths had developed at the cut 
ends of thirteen branches, and well develof)ed tentacle anlagen 
were found at the oral ends of the other four branches. No 
hydranths were found at this time at the oral end of any of the 

stems, and tentacle anlagen were only 
faintly defined in some few cases. On 
the next day, hydranths had developed 
at the distal end of all of the branches, 
but only five stems bore hydranths at 
the oral end. In this set of experiments 
the development of a hydranth took place 
more rapidly from the cut end of the 
long branch than from the oral end of 
the main stem. 

Series j. — Twelve experiments were 
made in which the anterior end of the 
stem and the distal end of the branch 
were cut off so that the length of the 
branch and of the stem above the place 
of union was practically the same, varying in different cases 
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from 8-20 mm. (Fig. 5). Two days after the operation, there 
were well developed hydranths on the ends of three branches 
and only tentacle anlagen on the oral ends of the correspond- 
ing stems. In two cases hydranths had develof)ed on the end 
of the branch and also on the cut surface of the stem ; while 
in the other cases only tentacle analgen were found, and they 
were equally well-developed on the branch and on the oral 
end of the stem. During the following two days, hydranths 
formed on all of the cut ends, sometimes the hydranth developed 
on the end of the stem before it did on the branch, and some- 
times the hydranth appeared first on the branch. As a general 
result of this series of experiments it can be stated that hydranths 
develop at about the same rate when both the branch and the 
anterior portion of the stem are approximately the same length. 
Series -/. — In the previous set of experiments both the branch 
and the anterior portion of the stem were of considerable length 
and both developed at about the same rate. In order to see if 
similar results would be obtained if the pieces were very short, 
fifteen experiments were made in which the branch and the stem 
were cut off "about i mm. above their point of union 
(Fig. 6). When the hydroids were examined three 
days after the operation, hydranths were found on the 
oral end of the stem and not on the cut end of the 
branch in five cases ; while in four hydroids, polyps 
had developed on the branch and not on the oral end 
of the stem ; in the remaining six cases, hydranths 
were present at the distal end of both branch and 
stem. 

In those cases in which one or the other cut sur- 
face failed to develop a hydranth, the ccenosarc appeared to be 
entirely with drawn from this part. When these stems were ex- 
amined under the microscope, the streaming of granules in the 
interior cavity was visible only in the proximal part of the main 
stem and in the part of the stem or branch that had regenerated. 
In the cases in which hydranths formed at both cut surfaces, the 
streaming of granules was found in all parts of the stem and also 
in the branch. 

In this set of exp)eriments, regeneration seemed to take place 
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with equal rapidity from the cut oral surface of the branch and of 
the stem, as was the case in the experiments described under 
series 3. If the pieces above the place of union of the branch 
and stem are of approximately the same length, no matter how 
long or how short they may be, the influences for hydranth for- 
mation appear to be alike in both, and one piece has, seemingly, 
no effect on the other. Where the coenosarc is withdrawn entirely 
from one part of the hydroid, as was noted in some few cases in 
the last set of experiments, no regeneration of the piece is 
possible. 

In experimenting on Tubularia crocea, Morgan (9) found that 
if he cut off both the main stem and the branch a little above the 
place of union, the results varied considerably in different cases. 
In some instances he obtained the regeneration of a hydranth 
on the branch and not on the oral end of the stem ; in other 
cases a polyp formed only at the oral end of the main stem ; 
and in still other individuals regeneration took place from the cut 
surfaces of both branch and stem. It seems probable that the 
lack of uniformity in these results can be attributed to a difference 
in the relative lengths of the branch and of anterior portion of 
the stem above the point of insertion of the branch. It is, of 
course, impossible to cut the branch and stem at absolutely 
equal distances from the place of their union, and in those cases 
in which regeneration from one cut surface took 
place before it did from the other, there may have 
been just enough difference in the lengths of the 
pieces to bring about the earlier regeneration of a 
hydranth on the cut oral surface of the longer 
piece. 

Series s, — In twenty-eight cases the stem was 
cut off transversely just above the origin of the 
branch as shown in Fig. 7. The oral end of the 
branch was then removed leaving a piece, from 3 ^^* ^' 

to 5 mm. in length, still attached to the stem. The object 
of these experiments was to see whether the regeneration of a 
hydranth at the oral end of the stem could be entirely pre- 
vented by this means. Two days after the operation, hydranths 
had developed at the cut end of the branch in nine of the hy- 




298 HELEN DEAN KING. 

droids and well -developed tentacle anlagen were present on the 
other branches ; there was no indication of a regeneration at the 
oral end of any of the stems. The next day all of the branches 
bore hydranths, and in but one case had any regeneration taken 
place at the oral end of the stem. In this instance, the stem 
extended about o. 5 mm. above the place of insertion of the 
branch and a considerable amount of red pigment had collected 
at its extreme oral end. In the course of forty-eight hours more 
a polyp formed on the oral end of this stem but no regeneration 
took place at the oral ^nd of any of the other stems, although 
they were kept for over a week. 

Series 6. — Sixteen experiments were made in which the branches 
were cut off very close to their origin on the stem. The oral 
end of the stem was then removed leaving a piece about 5 mm. 
in length above the origin of the branch, in order to see whether 
the formation of a hydranth at the oral end of the stem would 
prevent or merely delay the formation of a polyp at the place 
where the branch was removed. In all cases the wound in the 
side of the stem healed over very quickly and, although the 
hydroids were kept alive for a number of days, no regeneration 
of any kind took place at the point of injury. 

Series 7. — In ten cases the entire branch was removed from 
the stem, but the old hydranth at the distal end of the stem was 
not cut off. The result was the same as in the previous set of 
experiments, as the cut surface was very soon covered over and 
no subsequent regeneration took place from it. 

Series S. — In sixteen cases where long pieces of stem bore 
from two to four branches, the anterior end of the stem and the 
apical end of each branch were removed by transverse cuts leav- 
ing the lengths of the branches approximately the same as that 
of the stem above the origin of the most anterior branch. The 
experiments were made to see if there is any difference in the 
relative rate of regeneration of the anterior branches and of the 
proximal ones. There was no uniformity whatever in the results 
of this set of experiments. In some cases a hydranth regenerated 
on a posterior branch before it did on the oral end of the main 
stem ; and in other cases all of the branches produced hydranths 
at the same time that one developed at the oral end of the stem. 
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III. The Regeneration oe Short Pieces of the 

Stem of Tubularia. 

It was first noted by Bickford (i), and later confirmed by 
Driesch (2) and by Morgan, that small pieces of the stem of 
Tubularia about I mm. in length are capable of regenerating. In a 
recent paper, Hargitt (5) states that he was unable to obtain any 
regeneration from pieces of the stem of Tubularia crocea and of 
Tubularia tenella that were as much as 3-4 mm. in length. This 
result was probably due to the poor condition of the stems when 
the experiments were made. Small pieces of the stem of some 
other hydroids, do not appear to possess as great a power of 
regeneration as Tubularia, for Gast and Godlewski (4) have 
found that pieces of the stem of Pennaria cavolinii about i mm. 
in length never produce hydranths and pieces 2 mm. in length 
regenerate hydranths but rarely. Bickford's experiments on 
small pieces of the stem of Tubularia tenella show that, in this 
species, regenerative processes are not restricted to any special 
region of the. stem, and also that such short pieces tend to form 
one complete hydranth rather than to produce double abnormal 
structures. 

In experimenting on Tubularia tnesembryanthemum, Driesch 

(2) found that of 82 short pieces of stem, 5 formed a single 
proboscis, 26 formed a double proboscis, and the remaining 5 1 
pieces produced hydranths. These results agree with those of 
the earlier experiments of Bickford. In a later paper, Driesch 

(3) states that at the oral end of the stem one seldom gets a 
whole hydranth, but usually a single or a double proboscis ; 
from the middle zone hydranths usually develop ; while from the 
aboral end of the stem, these structures are rarely produced. 
This difference in the kind of regeneration from the various parts 
of the stem Driesch attributes to the situation of the small piece 
in the original individual and to the different distribution of the 
hydranth-forming pigment in the coenosarc of the different parts. 
Since Morgan and also Stevens (i 1-12) have proven the fallacy 
of the hypothesis of ** red formative stuff" in Tubularia, this 
portion of Driesch's explanation is, of course, no longer tenable. 

Morgan (8-10) has made an extended series of experiments with 
small pieces of the stem of both Tubularia mesenibryantheuium 
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and of Tubularia crocea. He finds, as did Driesch, that pieces 
about I mm. in length from the region immediately behind the 
old hydranth usually die, even when longer than pieces from a 
more proximal region that regenerate. When this distal region 
does regenerate, it produces a greater number of single proboscides 
than of other forms, a result that might be expected as this part 
of the stem ordinarily goes into the proboscis of the new hydranth 
when a long piece of stem is regenerating. 

In another set of experiments, Morgan cut pieces of the stem 
of Tubiilaria mesembryanthemum into a series of small pieces 
about I mm. in length in order to observe the behavior of con- 
secutive pieces from one stem and to compare the results with 
those obtained from similar pieces cut from other stems. His 
tables do not show any very definite results although there seems 
to be a certain similarity in the behavior of pieces of the same 
stem, and the incomplete structures are found most frequently 
at the distal end of the stem. 

At the suggestion of Professor Morgan, I repeated his experi- 
ments, using Tubularia crocea, in order to furnish more data from 
which definite conclusions could be drawn. In making the ex- 
periments the old hydranths were removed and the distal part of 
the stem was cut into consecutive pieces about i mm. in length. 
The pieces were than laid in rows on the bottom of flat dishes 
filled with fresh sea water. For the sake of brevity the foljow- 
ing abbreviations are used in the tables given : hy. = complete 
hydranth without any stalk ; hy. + stalk = hydranth with a 
short stalk that has been formed by a withdrawal of the coeno- 
sarc from the perisarc ; hy. + stem = hydranth with a stem 
attached to the perisarc ; pb. = single proboscis ; d. pb = double 
proboscis ; reprod. = reproductive organs. The results tabulated 
are from observations made three to four days after the operation. 





of 


Table 


V. 

Number of 
Piece. 




Number 
Piece. 


Kind of Structure 
Regenerated. 


Kind of Structure 
Regenerated. 


I 

2 

3 
4 
5 


pb. with no tentacles. 

d. pb. 1 
pb. 
d. pb. -f- reprod. 
pb. 


6 

7 
8 

9 

lO 


pb. 

d. pb. 

hy. -|- stem. 

d. pb. 

d. pb. 
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Table 


VI. 




Number of 
Piece. 


Kind of Structure 
Regenerated. 


Number of 
Piece. 


Kind of Structure 
Regenerated. 


I 
2 

3 
4 
5 


pb. 
d. pb. 
d. pb. 
dead, 
d. pb. 


6 

7 
8 

9 
10 


dead. 

pb. 

pb. 
dead, 
dead. 




Table 


VII. 




z_ ~_ — r ^_ ^ 


- — _ — — ^-_ 




- 


Number of 
Piece. 


Kind of Structure 
Regenerated. 


Number of 
Piece 


Kind of Structure 
Regenerated. 


I 
2 

3 
4 
5 


d. pb. 
pb. 
pb. 


6 

7 
8 

9 
10 


d. pb. 

d. pb. 4- reprod. 

pb. 

hy. -h stem. 

pb. 



Table VIII. 



Number of 
Piece. 


Kind of Structure 
Regenerated. 


Number of 
Piece. 


1 Kird of Structure 
Regenerated. 


I 
2 

3 
4 
5 


dead. 

d. pb. 

d. pb. 

pb. 

pb. -f reprod. 

Table 


6 

7 
8 

9 
10 


pb. 

pb. 

hy. -4- stalk. 

pb. 

d. pb. 




IX. 




Number of 
Piece. 


Kind of Structure 
Regenerated. 


Number of 
Piece. 


Kind of Structure 
Regenerated. 


I 

2 

3 
4 
5 


dead. 

pb. 

pb. 

hy. -^ stem. 

pb. 

Table 


6 
7 

9 
10 


pb. -\- reprod. 

pb. 
hy. -i-'stem. 

pb. 
dead. 




X. 

1 

Number of 
Piece. 

6 

7 1 
8 

10 ' 




Number of 
Piece. 


Kind of Structure \ 
Regenerated 

pb. 

d. pb. 

d. pb. 

d. pb. -i- reprod. 

pb. 


Kind of Structure 
Regenerated. 


I ' 
2 

3 
4 

5 


pb. 

hy. -f stem, 
dead. 
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As was the case in the experiments made by Morgan, the 
results for corresponding pieces of different stems are far from 
uniform, and it is not possible to determine what kind of a struc- 
ture will be produced by a small piece from a given region of 
the stem. It is evident that the power to form either complete 
or double structures is present throughout the stem, and just 
what conditions are necessary to produce certain structures have 
not, as yet, been fully determined. Morgan has suggested that 
possibly the factors in determining the kind of regeneration are 
(i) the smallness of the piece, (2) the differences in the region of 
the original stem from which the pieces came (this factor had 
been previously suggested by Driesch), (3) the age of the piece, 
as the younger the stem the more likely it would be to form 
incomplete structures. 

According to this set of experiments short pieces, no matter 
from what part of the stem they are taken, are more liable to 
produce proboscides than to form hydranths. When the latter 
structures appear they are usually produced by the more proxi- 
mal pieces of the stem, the distal end of the stem showing a great 
tendency to produce incomplete structures. These results are 
very similar to those obtained by Morgan on Tubularia mesem- 
bryanthemum. 

In order to ascertain whether the double structures that are so 
often obtained in such experiments are produced because the 
small pieces of the stem are open at both ends and not because 
there is insufficient material in the piece to produce a complete 
hydranth, Morgan tied one end of a short piece with silk thread, 
and found that, under these conditions, double structures are 
never produced. Later he planted short pieces of stems in rows 
in sand so that one end was buried and the other freely sur- 
rounded by water. In two instances only was a double proboscis 
formed, in all other cases single structures, either incomplete or 
whole, more often the latter were produced. 

In repeating these experiments of closing one end of a short 
piece of the stem of Tubularia in order to ascertain the effect on 
the kind of structure produced, the following method was used : 
Shallow, flat dishes were covered on the bottom with a layer of 
paraffine about one fourth of an inch in thickness, and then, with 
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the blunt end of a large needle about the diameter of a tubularian 
stem, rows of holes were made in the paraffine about 0.5 mm. in 
depth. The dishes were filled with water and the long pieces of 
stems were put in them and cut into consecutive pieces about i 
mm. in length. One end of each piece was then inserted in a 
hole that was just large enough to receive and hold it upright. 
This method has the advantage that the inserted end of the piece 
of stem is in contact with the paraffine and cannot become free if 
the experiment is properly done. The results of this series of 
experiments are summarized in the following tables in which the 
abbreviations used are the same as those previously employed. 



Table XI. 



Number of 
Piece. 

I 

2 

3 
4 



Structure Produced. 



pb. 

pb. 

pb. -*- reprod, 

dead. 



Number of 
Piece. 

5 
6 

7 
8 



Structure Produced. 

dead. 

pb. 
dead. 

pb. 



Table XII. 



Number of 
Piece. 

I 

2 

3 

4 



Structure Produced. 



pb. 

pb. 

hy. 

dead. 



Number of 
Piece. 

5 

b 

7 
8 



Structure Produced. 

pb. 

pb. 

pb. 

dead. 



Table XIII. 



Number of 
Piece. 

I 

2 

3 
4 



Structure Produced. 

pb. 
dead, 
d. pb. 
dead. 



Number of 
Piece. 

5 
6 

7 
8 



Structure Produced. 



Table XIV. 



Number of 
Piece. 

I 

2 

3 
4 



Structure Produced. 

hy. 
pb. 
pb. 
pb. 



Number of 
Piece. 

5 
6 

7 
8 



dead. 

pb. 4- reprod. 

pb. 

pb. 



Structure Produced. 

dead. 

dead. 

pb. 

dead. 
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Number of 
Piece. 

I 

2 

3 
4 



Number of 
Piece. 

I 

2 

3 

4 



Table XV. 



Structure Produced. 



pb. 



pb. 
pb. 
t reprod. 

pb. 



Number of 
Piece. 

5 

6 

7 
8 



Table XVI. 



Structure Produced. 



pb. 

pb. 

pb. 

hy. -^ stem. 



Number of 
Piece. 

5 
6 

7 
8 



Table XVII. 



Structure Produced. 

pb. 
dead, 
dead, 
dead. 



Structure Produced. 

pb. 
pb. 

pb. 

dead. 



Number of 
Piece. 

I 

2 

3 
4 



Structure Produced. 



pb. 
pb. -f reprod. 

pb. 
pb. -i- reprod. 



Number of 
Piece. 

5 
6 

7 
8 



Structure Produced. 

pb. 
dead, 
dead, 
dead. 



Table XVIII. 



Number of 
Piece. 

I 

2 

3 

4 



Structure Produced. 

dead, 
pb. 
pb. 

pb. 



Number of 
Piece. 

5 
6 

7 
8 



Table XIX. 



Number of 
Piece. 

I 

2 

3 
4 



Structure Produced. 



pb. 
pb. -*- reprod. 
hy. -h stalk. 

pb. 



Number of 
Piece. 

5 
6 

7 
8 



Structure Produced. 

dead. 

hy. -f stalk. 

pb. 

dead. 



Structiure Produced. 

dead. 

dead, 
hy.-f stem. 
hy.-|- stem. 



Table XX. 



Number of 
Piece. 



I 

2 

3 
4 



Structure Produced. 

pb. 

pb. 

hy.-t- stem. 

dead. 



Number of 
Piece. 

5 
6 

7 
8 



Structure Produced. 

pb. 

pb. 

pb. 

dead. 
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I 

2 

3 

4 



Table XXI. 



Number of 
Piece. ( 



Structure Produced. 

pb. 
pb. 4- reprod. 

pb. 
hy. 4- stem. 



Number of 
Piece. 

5 

6 

7 
8 



Table XXII. 



Structure Produced. 



dead. 

pb. 

pb. 
dead. 



Number of 
Piece. 



Structure Produced. 



Number of 
Piece. 



Strocture Produced. 



I 

2 

3 

4 



pb. 

dead. 

pb. 4- repfod. 

pb. 



5 

6 

7 
8 



pb. 

hy. 4- stalk. 

pb. 

dead. 



The results of these experiments confirm those obtained by 
Morgan in every respect, as double structures were produced 
very rarely, only one being obtained in the entire series of 
experiments. There seemed to be no distinctive individual dif- 
ferences in the pieces of stem as regards the structures produced. 
In only one case (Table XIX.) were as many as three hydranths 
produced, while in the tables given by Morgan for Tubularia 
mesembryanthemum^ whole series of pieces from the same stem 
produced hydranths. 

If a comparison is made between the results shown in Tables 
XI. to XXII. and those shown in Tables V. to X., the most 
noticeable difference is that a very much greater number of 
double structures were produced when short pieces of the stem 
were lying on their sides during the process of regeneration. In 
both sets of experiments single proboscides were the structures 
most frequently produced, and very little individual difference 
could be detected in the stems regarding the kind of structure 
that they would tend to produce. 

The development of small pieces of the stem of Tubularia 
standing on one end is considerably slower than that of similar 
pieces lying on one side. In the latter case, development takes 
place in about two days ; while in the former case the various 
structures never appear under three days, and usually not under 
four or five days. Many pieces, usually those nearer the proxi- 
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mal end of the stem, die when the pieces stand on one end. This 
result may be due to the fact that the conditions under which 
regeneration takes place are not as favorable when the end of a 
small piece of stem is closed by contact with some foreign sub- 
stance, as when the piece lies on one side and the cut ends are 
allowed to close in a normal manner. 

Bryn Mawr College, 

Bryn Mawr, Pa., March 23, 1 904. 
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The Regeneration of the First Leq of the Crayfish. 

By 
Margaret A. Beed. 



With Plate XVII— XVHI and 3 figures in text 



Eingegangen am 1. Febroar 1904. 

Owing to the presence of a definite breaking-joint in the second 
podomere of the first pair of legs of the crayfish, and to the fact 
that no muscles cross the breaking joint, the question arises as to 
how the cells to form the new muscles of the regenerated leg arise, 
whether from the old muscles, which are uninjured, or from some 
other source. 

Under the direction of Professor Morgan, the study of this pro- 
blem was carried on in the Biological Laboratory of Bryn Mawr 
College during the winters of 1908 and 1908. 

Three sets of crayfish, yarying in length from two to eight centi- 
meters were used. They were found in the brooks about Bryn Mawr. 
The species was not determined. The crayfish were kept in glass 
dishes under running water and fed occasionally with earthworms. 
In all cases the first leg or oheliped was operated upon. If the distal 
end is iiyured at any level autotomy takes place at the breaking joint. 

The walking legs may be thrown off by autotomy ahso, but not 
with as great ease as the cheliped. The walking leg must be held 
mth the scissors or forceps after it is cut in order to cause auto- 
tomy to take place. The leg is thrown off, not at a special plane 
in the exoskeleton of the second podomere, but at the free joint be- 
tween the second and the third podomeres. 

Occasionally it is impossible to cause autotomy of a walking 
leg. This is particularily true if one leg has already been thrown 
off. In such a case a new leg regenerates from the cut-surface, 

▲rohiT f. Bntwicklnngsmechuiik. XVUI. 21 
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although the regeneration is much slower than when it takes place 
from the breaking joint. 

The crayfish were killed and preserved at varying intervals to 
obtain a series of stages showing the development of the new leg 
from the time the leg is thrown oflF until it is fully formed. The 
following series was preserved: — 0, 15 mins., 30 mins., 1 hr., 3 hrs., 
7 hrs., 10 hrs., 12 hrs., 15 hrs., 18 hrs., 24 hrs., 32 hrs., 48 hrs., . . . 
480 hrs., 492 hrs., 504 hrs. 

Usually at the end of three weeks the new leg is plainly visible 
to the naked eye. It consists of the normal number of podomeres, 
with the chelae well formed, but it is much smaller than the normal 
leg. The size of the leg increases with each succeeding moult until 
it attains the size of the lost leg. 

When the crayfishes were killed, the thorax was opened and 
placed in corosive acetic (corosive sublimate, 95 c. c. + glacial acetic, 
5 c. c), hardened, decalcified in nitric acid (HNO3, 2 c. c. -f- HjO, 
98 c. c; or 70% alcohol, 98 c. c. + HNOs, 2 c. c); embedded in 
hard paraffine, sectioned, and stained on the slide with Delafield'b 
Haematoxylin (differentiated with Orange G). This stains the nuclei 
a purplish blue, while the blood, chitin and protoplasm of the con- 
nective tissue cells are yellow. 

The normal cheliped of a crayfish consists of six podomeres, 
each of which has an extensor and a flexor muscle. These muscles 
are attached to the exoskeleton of the distal podomere .by a central 
tendon, — a plate-like ingrowth of the exoskeleton toward which all 
the muscular fasciculi converge. These muscles cross the joint and 
are inserted on the proximal podomere just back of the membrane 
of the joint. 

The second podomere is peculiar in that it has two grooves 
around it, each lacking hairs and hair-pores in the exoskeleton along 
these lines. When the leg is injured distal to this place, it separates 
by a reflex action along the proximal groove. Andrews^) calls this 
groove the breaking joint and describes it as, »a definite plane of 
discontinuity in the lamellar structure of the chitinous exoskeleton at 
the proximal groove*. Extending from the exoskeleton part of the 
plane of rupture there is a definite structure in the soft part of the 
leg, forming a double-walled membrane extending inwards from the 
epidermis to the central nerve and blood vessel. When the leg is 
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thrown off, the distal fold is cast off with the leg while the proximal 
fold remains attached to the stamp. 

After antotomy, the edge of the chitinons exoskeleton presents 
a smooth surface, slightly convex and sharply cut off, entirely dif- 
ferent from the ragged edge presented when the leg is broken at 
any other level. Almost no bleeding takes place, when the leg is 
thrown off at the breaking joint. One or two drops of blood are 
shed, which form a clot in the opening through which the nerve and 
blood vessel passed. The membrane, with the opening filled with a 
clot of blood, is plainly visible after the leg has been thrown off, in 
the crab, lobster, or large crayfish. 

In the lobster and the hermit crab the opening through the 
membrane for the nerve and the blood vessel is in about the center 
of the exposed surface when the leg is thrown ofE^ but in the cray- 
fish the opening is not in the center of the membrane but to one 
side. The membrane does not extend over to this side, or if it does, 
it is so small a fold as to give the appearance of none. 

The breaking-joint divides the second podomere into two parts, 
a proximal and a distal part, each of which possesses a flexor and 
an extensor muscle. The flexor muscle of the proximal part consists 
of four branches, which have their tendons attached distally on the 
same trunk, formed by a chitinons ingrowth of the exoskeleton slightly 
below the level of the breaking joint (Fig. 3 a), while their proximal 
insertions are separate. The largest bundle of fibers, belonging to 
this muscle, is inserted along the ventral edge of the posterior wall 
of the first thoracic segment. Another bundle is attached deeper to 
the lateral dorsal wall of the same segment, while the other two 
bundles are inserted on the wall of the first podomere of the leg. 
The flexor muscle is larger than the extensor muscle, and consists 
of two branches each with its own attachment distally and proximally 
although near together. One branch has its tendon formed as an in- 
growth from the ridge of the exoskeleton just beneath the breaking 
joint and dorsal to the hinge of the joint between the first and the 
second podomere. Fig. 3 b. It passes as a thin bundle of fibers to 
the dorsal lateral wall of the first thoracic segment where it is in- 
serted. The other bundle is thick and short. It has its tendon formed 
as an ingrowth from the exoskeleton near that of the first btmdle 
(Fig. 3 c], and is inserted On the wall of the first podomere of the 
leg. The nerve and blood vessel lie in the space between the ex- 
tensor and the flexor muscle. 

21* 
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The distal portion of the seeond podomere alsky pogsesBeB an ex* 
tensor and a flexor muscle althongh small in oomptfison with the 
other mnscles of the leg. The tendon of the flexor mnsele is formed 
as an outgrowth of two branches from the veittral wall of the Aird 
podomere, Fig. 8 e. The musele bundles are irttached along the edge 
of the breaking-joint at the dorsal side of the second podomere* 
The tendon of the extensor mnsele m an oiil^owth of the edge of 
the third podomere near that of the flexor musele, but nearer the 
dorsal wall (Fig. 3 d). The muscle bundles partly cross those of the 
flexor and are inserted along the edge of the breaking joint at the 
ventral side of the podomere. 

As fat as I haye been able to make out, autotomy takes place 
as follows. A contraction of the extensor masole of the proximal 
portion of the seeond podomere draws the leg sharply baek against 
the carapace of the thorax. Then, probably, by a contraction of the 
flexor mtiBcle of the distal portion of the second podomere, the leg 
is separated along the breaking point 

That the extmsor muscle is the muscle chiefly inyolred has 
been shown by Mobgah in his experiments on hermit crabs, where 
he found that when this muscle was cut, antotomy did not take 
place at the breaking joint In my experiments on both hermit erabs 
and crayfish, I found that cutting liiis muscle would prevent auto- 
tomy. Fbedbrique 1) has shown that autotomy is not due to a weak- 
ness at the breaking joint, bnt to a reflex action, and that it may 
be brought about by a stimulation of the &oracio ganglion as well 
as by a stimulation of the nerve of the leg itself Morgan ^) has 
shown that section of the nerve at the base of the leg, or proximal 
to the breaking joint will prevent autotomy. 

It has usually been taken for granted that the breaking joint is 
merely a modified joint. Hie double fold of membrane and the plane 
of discontinuity in the exoskeleton have something of the structure 
of a joint between two podomeres. Hie fkct that the first pair of 
legs or the chelipeds have only six podomeres, while the walking 
legs have seven, and also tiie fact that the walking legs may be 
thrown oif, althongh Yrith difficulty, at the free joint between the 
second and the third podomeres, seemed to add to the evidence diat 
the breaking -joint had once been a true joint, which is no longer 
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used as a Join!, but has become differ- 
entiated for the purpose of casting off the 
kg when tiie leg ia injnred. 

Comparing the different thoracic legs 
of a lobster, I find that the fnsion of a 
joint has taken place not between the 
second and the third podomeres of the leg 
bnt between th^ third and fourth podo- 
meres. Figs, 1, 2 and 3 illnstrate this 
point. Fig. 1 is one of the third pair of 
walking legs (composed of seven podo* 
meres). The third podomere, 3, is small 
and the joint between the tiiird and Hie 
fonrth podomeres does not move easily. 
Fig. 2 is one of the seeond pair of walkr 
ing ^gs and here the joint between Ihe 
third and the fonrth podomeres is marked, 
but tt is not a real joint and no move- 
ment oectirs al this place. Fig. 3 is the 
cbejiped, and here we have no sign of 
the Joint between, the third and fourth 
podomere which have fhsed, but we do 
have the breaking joint appearing in the 
seeond podomere. Eere the arrangement 
of the muscles is not that of the joint 
between ttie third and the fonrth podo- 
meres, which have become fused. It seems 
therefore erroneous to state that the break- 
ing joint corresponds to the lost joint, 
for in the lobster, at any rate, this is 
not the ease. 

The internal structure of the normal 
leg has been described above. Id the 
crayfish, sections through the breaking 
joint do not show the membrane for the 
breaking joint as stretched completely 
across the s^mp, but as lacking on the 
dorsal side or very slightly invagioated 
and not extending inwards to tbe central 
nerve. This is not the case in the lobster 



Fig.l. 




/)^^^^^ 



Fig. 2. 




//r^r^;^, 1i 



Fig. 3. 
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or hermit crab. Fig. 1, PI. XVII shows a section through the breaking- 
joint of a normal leg. The plane of discontinuity in the chitin is at 
right angles to the long axis of the leg, and extending in from this 
is the double fold of cells {E), which form the membrane of the 
breaking joint. The nerve (n) passes nearer to the dorsal wall and 
on this side the definite double layer of cells is not shown although 
the plane of discontinuity (sd) in the exoskeleton is present. The 
space between the nerve and the wall of the exoskeleton is filled 
with connective tissue cells {st)» The large blood vessel, which is not 
shown in this figure, lies close beside the nerve (n). 

Almost immediately after autotomy has taken place, the ecto- 
derm cells of the membrane are found stretched across the opening 
through which the nerve and blood vessel passed. Fig. 2, shows a 
section through a stump from which the leg has been thrown oflF 
for fifteen minutes. The double layer of flat cells (£*), which form 
the proximal fold of the membrane have sent out a single layer {e) 
over the opening from which the torn end of the nerve has slightly 
withdrawn. Small round cells, with deeply stained nuclei, appear 
at the broken end of the blood vessel and scattered through the con- 
nective tissue. These blood cells (6, c) form a plug at the opening 
through the membrane, and collect in a thick layer just beneath the 
ectoderm cells (jB), which form the proximal layer of the membrane 
of the breaking joint, as may be seen in Fig. 3. The whole stump 
is filled with blood, which appears as fine granules, stained yellow, 
and fills up the spaces between the cells. The ectoderm cells, which 
line the exoskeleton of the leg are seen as a columnar layer (£"), 
just beneath the chitin and in some sections slightly drawn away 
from the exoskeleton. The nuclei of these cells are larger and more 
granular than those of the connective tissue cells or the blood cells. 
These cells remain at rest for some days while the blood cells con- 
tinue to fill up the interior of the stump. After a time these blood 
cells arrange themselves in horizontal lines crowded close under the 
ectoderm cells of the membrane. Fig. 3. In a few hours from the 
time the leg is thrown oflF, the membrane takes on the appear- 
ance of dead tissue. This membrane, together with the blood cells 
beneath, serves as a protection for the broken end of the stump, 
but they take no farther part in the regeneration of the new leg. 
The blood cells soon degenerate as may be seen in Fig. 6 and 
most of them are thrown away with the membrane, when this is 
later cast off. 
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The processes, which have gone on np to this time have been 
a sort of preparation for the regenerative processes, which begin 
about five days after the leg has been thrown off. At this time the 
columnar epithelium {E') lining the exoskeleton begins to push for- 
ward through the blood cells to form a single layer over the broken 
surface, Fig. 4. No mitotic figures are found until after the ecto- 
derm has formed a layer over the exposed surface. The cells push 
out from all sides and meet near the center, thus forming a com- 
plete, one-celled layer over the broken end. Later these ectoderm 
cells secret chitin over their surface, and bulge outwards through 
the protective covering formed by the old membrane and blood cells. 

Fig. 5 shows a section through the proximal pitrt of the second 
podomere where the new ectoderm cells (E') have formed a layer 
over the broken end. The old ectoderm cells of the membrane (jE*) 
of the breaking joint together with* the blood cells beneath, still form 
a covering over the exposed surface. The nuclei of the blood cells, 
Fig. 6, within the stump are breaking up and disappearing, but at 
this time there are still a great many of them scattered through 
the connective tissue. 

Shortly after the ectoderm cells have formed a layer across the 
broken end, the cells in the central part of this layer begin to pro- 
liferate forming a thickened disc, distal to the broken end of the 
nerve. These cells divide by mitosis, and dividing cells are seen 
scattered through the proliferating part (Fig. 7). Many of these cells, 
as they are proliferated, push their way between the cells of the 
broken end of the nerve. Fig. 8 shows the ectoderm thickened with 
some of the cells pushing into the interior. A few blood cells still 
remain scattered through the tissue, but at this time the greater 
number of them have disappeared. 

As the ectoderm proliferates, the new part begins to push out 
and soon breaks through the old membrane. A secretion of chitin 
is formed over the exposed surface, and this secretion continues to 
become thicker as the new part becomes older. In some crayfish 
this projection of the ectoderm cells occupies the greater part of what 
was the exposed surface, while in others it simply extends out from 
the central part. Fig. 9 shows a growing tip with the ectoderm cells 
everywhere proliferating and pushing into the interior. Mitotic figures 
{FM) are seen among the cells, which have been pushed in, as well 
as among those, which are still proliferating. As the cells push in 
they elongated, and many join the cells of the nerve. These later 
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*«iBf«tait^ Ae BMlei elong«tiiig and takini^ tke yeUow itein of the 

- pk»ty«how», .bo two mitotic 9p»dl« (5) are to W seea a«<J 
Ae ^enitag cell.. Tlie octodem cell, are foi»i»g tfie oew w^ve 
by adding tkeBsdrea to tfce end of the old nerre. 

^ the^ ^ of the leg growB out, it does not remain iitridrfit 
^ llj brt fold, in pUces, where later the joint, between the 
pod<HBere. £win. 

TW. foidhig i> for the joint, i. bronght about by the pmAieg 
m of the eetoderm eeU. in certain place Thew celb continue to 

T*- *^^ *^.' *"° '*^*' *^ '^'^" snrronnded by eetoderm 
cells K formed ezteading into the interior. Thi. pnshmg in takes 

ptaee aU the way aronnd at the 8a«e time, as may be seen in Fiir 12 
wWeh is a section ent near the surface. This fignre shows the' be^ 
pmring of this folding in. The ceils which are differentiating to form 
^J^l^ "^"^f J^^^ Mas«» of ectoderm eells (n^), collected 
beneath U.e m^aginatioB of the ectoderm cells, will later differentiate 
to form 4e masdes. Ma«y mitotic figures are seen, and the cells 
are proliferatmg throughout the growing end. AH the cells present 
at thj. time have the appearance of ectoderm cells, except those, 
winch are fommg the nerve. These are elongated and stain a deeper 
yellow thao die other cells. '^'^^^^ 

along the hne of chitin extending inwards from the outer snrfece 
This spUt opemi ont and forms the fold for the joint Ahhouirh the 
split eontinnes only for a short distance in the chitin, the ectoderm 
cells continue to grow inwards, and finaUy form the tendon for the 
mwwle (Fig. 16). 

The masses of ectoderm cells, which remain in the fold formed 
by the ingrowth of the ectoderm increase in number by the di ' ' 
of the cells already present, as weU as by the addition of cells frll'm 
the proliferating ectoderm of the exoskeleton. Fig. 13 

The ectoderm cells with their layer of chitin posh in amone 
these cells so that the tendon for the muscle lies surrounded by this 
mass of cells. After a short time these cells begin to elongat d 
to differentiate into muscle tissue. Fig. 14 shows such a ta • 
the dcTelopment. The ectoderm cells of the exoskeleton have pnsh 'd 
in to form the tendon of the muscle, while the ectoderm cells of the 
inside have elongated and arranged themselves in lines extend' 
from the ectoderm of the tendon to the ectoderm of the exoak i + 
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iB«- These cells continae to differentiate into muscle cells to form the 
ien: fasiculi, which are attached along the ectoderm of the tendon and 
5 tf mserted among the ectoderm cells of the exoskeleton, Fig. 15. 
^K The articulations between the podomeres do not appear until 

after the muscles are formed. Shortly after the muscles are formed, 
^is the exoskeleton, distal to the ingrowths for the tendons of the 
etDii muscles, forms the hinge-joint with the membrane between secreted 
by the ectoderm cells, which were proliferated from the surface 
ectoderm. 

I have compared the regeneration of the leg of the crayfish with 
Uei that of the hermit crab (thrown off by autotomy at the breaking 
ui: joint). Here almost the same development takes place. Figs. 16 
ie 1^ and 17 show sections through the leg of the hermit crab at about 
le ^ the same stages in the regeneration as those represented in the cray- 
)k fish by Figs. 7 and 9. The breaking joint has the same structure, 
eftr except that the membrane is continued on the dorsal side, and the 
Qiij? opening for the nerve and blood vessel is nearer the center of the 
,fl^ membrane. The proliferation of ectoderm to produce the cells that 
jef will give rise to the new muscles takes place in the hermit crab in 
the same way as in the crayfish. 

In closing I wish to mention a result obtained in the hermit crab 
by splitting the stump of the leg lengthwise after autotomy had taken 
p place. In several cases after splitting the stump, two new legs ap- 
peared in a short while. Sections through this region showed that the 
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[k nerve was split, one branch going to each leg. It is probable that a 
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new leg developed at each end of the split nerve, since in all other 
t: cases where only one leg regenerated, the nerve shows no sign of 
any injury. In these cases it is probable that the nerve was not cut. 



Summary. 

When the first leg of the crayfish is thrown off at the breaking 
joint, no muscles are injured, and the muscles for the new leg are 
formed from cells proliferated by the ectoderm. Although the nerve 
is torn when autotomy takes place, the cells to form the new nerve 
(or at least the new nerve sheath), are also differentiated from cells 
proliferated by the ectoderm. In the hermit crab also the muscles 
of the new leg are formed by ectodermal cells. 

If, aflier the leg of the hermit crab has been thrown off at the 
breaking joint, the base is split lengthwise so that the nerve is divided 
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or cut in two, there often appear two new legs, one connected with 
each end of the old nerve. 

Bryn Mawr College, January 19, 1904. 



Zusammenfassung. 

Wird das erste Bein des FluBkrebses durch Abbrechen des Gelenkes von 
diesem an entfemt, so wIrd kein Moskel verletat and die Mnskeln fttr das nene 
Bein werden dorch Zellproliferation seitens des Ektoderms gebildet. Obgleich 
der Nerr bei stattfindender Autotomie (freiwilliger Abschniirong des Gliedes) 
zerrissen wird, so werden die Bildnngszellen fUr den neuen Nerven (oder zom 
mindesten fttr die neue Nervenscheide) gleichfalls von sich differenzierenden 
duroh Proliferation entstandenen Ektodermzellen gebildet Beim Einsiedlerkrebfl 
werden die Moskeln des nenen Beins gleichfalls dorch Ektodermzellen gebildet 

Wenn beim Einsiedlerkrebs das Bein dorch Abbrechen des Gelenkes ent- 
femt worde, so ist die Basis der Lange nach gespalten, so daB der Nerv ge- 
teilt, der LSnge nach getrennt wird. Dann erscheinen oft zwei neoe Beine, jedes 
mit einem Stompftell des alten Nerren in Zosammenhang stehend. 
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CLOSURE OF LONGITUDINALLY SPLIT TUBULA- 

RIAN STEMS. 

ALICE M. BORING. 

My work was carried on under the direction of Professor T. 
H, Morgan and Dr. N. M. Stevens, for whose suggestions and 
criticism I am deeply indebted. 

The rapid closure of the cut edges of pieces of the stem of 
Tubularia which have been split longitudinally, has been studied 
by Morgan and by Godlewski. The latter has published the 
results of his observations in two recent papers. Godlewski 
worked with Tubularia mesembryanthemufn^ found at Naples, 
while my own work has been on Tubularia crocea, from Wood's 
Hole, Mass. The method of closing in this form appears to dif- 
fer in a number of points from that of Tubularia mesembryan- 
themum described by Godlewski. Material that had been col- 
lected by Professor Morgan during the summer was sectioned and 
studied. The conclusions drawn from this work were then veri- 
fied on fresh material, of which sections also were made. The 
study of the living material, however, is not very satisfactory, as 
it is possible to see so little of what is going on. The circulation 
of the fluid inside of the open tubes and the gradual stretching 
across of the membrane, are all that can be seen clearly. 

The splitting was done with a pair of fine scissors. The ma- 
terial was killed and fixed in corrosive acetic. Somewhere in the 
process of preserving, probably in the alcohols, the coenosarc 
shrinks and loosens from the perisarc, which keeps its former 
size and shape. This makes it difficult to study their relation to 
each other in the closing process. The tissues of the coenosarc 
are well preserved by the corrosive acetic solution and can be 
studied easily. The sections were stained with Delafield's haema- 
toxylin, followed by picric alcohol, according to the method of 
Stevens ('01). The picric alcohol stains the granules in the 
endoderm cells bright yellow, and thus makes the difference 
between ectoderm and endoderm cells distinct. 

'54 
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Method of Closure. 
As the result of the splitting, the stems were divided into part- 
cylinders of various sizes, some almost complete, others with a 
mere strand of ccenosarc ; while in some, an oblique split pro- 
duced pieces nearly complete at one end and very small at the 
other. The method of closure seems to be independent of the 
size of the piece, the same general process being followed in all 
pieces. The cut leaves a free edge of both ectoderm and cndo- 
derm. In sections of pieces which had been killed five, ten or 
fifteen minutes after the splitting, the endoderm cells had rounded 




up over the ectoderm, probably as a result of disturbing the 
osmotic pressures (Fig. A). The first step towards closure of the 
tube is the pushing of the ectoderm over the endoderm (Fig. B). 
Whether this is accompanied by any activity on the part of the 
endoderm cannot be stated definitely, but it seems probable 
from some sections and from what occurs in later stages, that 
the endoderm cells change their shape, their outer ends next the 
ectoderm becoming broader and the inner ends becoming pointed, 
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the cells thus taking on a triangular rather than a rectangular 
shape in section. This is shown in Fig. D. Some sections, how- 
ever, do not show this at all, and we must conclude, that in some 
cases the endoderm lags a little behind the ectoderm. 

During the subsequent process of closure, the ectoderm and 
the endoderm stretch across from both sides till they meet and 
form a two-layered membrane which closes in the digestive tract 
again. In this process of closing the two layers keep nearly 
even, but the ectoderm sometimes is a little farther advanced 
than the endoderm and curves around over its free end. The 
closing membrane does not arch outwards so as to complete the 
cylindrical form, nor does it grow straight across, which would 
be the shortest distance between the sides, but it is nearly always 
concave (Figs. C and D). In pieces which are much less than a 
half-cylinder, there is little chance for the membrane to bend in, 
and it lies close to the old wall (Fig. E). Also in cases where 
there is a large endodermal ridge, the bending in is either pre- 
vented or lessened. 

The position of the endodermal ridges and their relation to 
the closure of the stem must now be considered. Godlewski 
has not taken these ridges into account, although one or two of 
his figures seem to indicate their presence. These ridges are 
found throughout the stem and cannot be ignored. Their pres- 
ence causes some variations in the beginning of the process of 
closing and introduces certain conditions which might be easily 
misinterpreted. If the cut extends along the side of a ridge, or 
through it, the appearance in section of such a piece is very dif- 
ferent from a section in which the ridge is not near the cut edge. 
There is a thick mass of cells at the edge, appearing somewhat 
like the beginning of a closing membrane (Fig. F). This mass 
is chiefly endoderm cells which contain many yellow-stained 
granules. If only a little of the ridge has been cut off, it is easily 
identified as a ridge by the thickening of ectoderm outside of 
it containing numerous dark stained nuclei; otherwise, identi- 
fication is possible by tracing back through sections to a place 
where the cut was less deep and the ridge still intact The ecto- 
derm stretches over the cut endoderm until the two layers are 
even and then the two stretch across together and meet to form 
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a complete membrane. If the cut edge extends just above a 
ridge, when the membrane begins to stretch across, a cavity is 
left between the closing membrane and the ridge, which in some 
cases looks like a^canal within the edge of the closing membrane, 
such as Godlewski describes (Fig. G). It may be that his canals 
are formed in this way and his figures might be so interpreted. 
In the sections of Tubularia crocea, I have found no canals formed 
by the disintegration of endodermal cells in the edge of the closing 
membrane. In the living material, no circulation has been ob- 
served within the edges of the closing membrane indicating the 
presence of canals, yet the circulation in the bottom of the open 
cylinder was easily seen, so that the circulation is not something 
peculiar to the canals of Godlewski. 

The pieces may be cut off in such a way that a ridge is left in 
the middle of the half-cylinders. Sometimes it appears as though 
the growing edge of one side joined such a ridge, but this appear- 
ance was seen in but a few consecutive sections, showing that it 
would not have interfered with natural closing, in further develop- 
ment. If the piece is rather small, or the ridge large, the closing 
membrane is prevented from bending in as much as usual. But 
this middle ridge makes still greater complications in small pieces, 
as here it may fill up the cavity formed by the closing membrane, 
and cause an appearance of solidity. 

In many of the smaller pieces, the sections, at first sight, look 
solid as though the endoderm cells had remained inactive, and 
lay in the same position that they were in when the piece was 
cut. It looks as though the ectoderm has grown over this solid 
mass, thus making a solid core of endoderm with a thin covering 
of ectoderm as Godlewski describes. But it is natural to expect 
that if the endoderm cells lag only a little behind the ectoderm 
cells in the closure of a large piece of a tubularian stem, they 
would do the same in a small piece of the same stem. If the 
work had been entirely with large and small pieces coming from 
different stems or different portions of the same stem, this expecta- 
tion might not be justifiable, but the pieces used were obliquely 
split, large at one end and small at the other, the conditions for 
both ends thus being nearly alike. A contraction, if the closing 
is due to this, would be along the entire free edge regardless of 
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the size of the piece or the part of the tube, and if the endoderm 
and ectoderm both take part at one end, it is reasonable to expect 
that they would along the entire edge. With this idea in mind, 
the apparently solid closures were studied in order to see if there 
were not two layers of endoderm. The pieces were traced back 
through the series of sections to the place where less had been 
cut off in order to locate the ridges and in many pieces, a ridge 
was found included in the small piece. In some very small 
pieces, not including any ridge, it was found that the edges, both 
ectoderm and endoderm, had met to enclose a small but distinct 
cavity. Fig. H shows the section just before the edges meet. In 
other small pieces with no ridges the higher powers of the micro- 
scope showed two distinct layers of endoderm, indicating that the 
closure had been the same, but the piece was so flat and the 
angle turned by the closing membrane was so sharp that the 
cavity between the old and new walls was flattened out into a 
mere crack and the endoderm of the closing membrane practically 
touched the endoderm of the old wall (Fig. E). The presence of 
a ridge would cause the obliteration of the cavity in a piece other- 
wise large enough to leave a distinct cavity in closing. Fig. 
D shows this on the right side. The ridge is further toward the 
right, and consequently that side has no cavity. This section 
shows a circular arrangement of the endoderm cells at the point 
of turning, indicating a compression at their inner ends that 
would justify the statement that the layer of endoderm has been 
drawn around with the ectoderm. 

In apparent contradiction to the above statement that only 
small pieces, or pieces including a ridge, close in solid, obscuring 
the cavity, a few sections complying with neither of these condi- 
tions show the ectoderm beginning to grow over the endoderm 
and leaving no cavity. But here, as in the small pieces there are 
two layers of endoderm in all cases where the ectoderm has over- 
grown, showing that the endoderm is following the ectoderm 
closely, and that a two-layered plate is really being formed even 
if obscured by the pressure of the two walls together (Fig, I). 
What the further development of such pieces would be, has not 
been definitely determined, but it is not likely that they close in 
to make a solid piece, for among the completely closed solid 
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pieces, there were none so large, unless the stem was thicker, or 
a ridge intervened. 

Whatever the cause of closure may be, whether some kind of 
contraction or not, tjie fact can clearly be seen from the study of 
sections that cell-division has little or no part in the formation 
of the closing membrane ; the new tube has practically the same 
number of cells as the open, part-cylinder. Mitotic figures are 
occasionally found, but not more than might have occurred in 
a normal tubularian, and in any case they were not frequent 
enough to indicate that mitosis is a factor in forming the closing 
membrane. 

Bryn Mawr, 

May, 1904. 
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REGENERATION IN THE PLANARIAN PHAGO- 

CATA GRACILIS. 

T. H. MORGAN AND ALICE E. SCHIEDT. 

Phagocata gracilis differs from other plananans in having a 
number of pharynges in a common pharyngeal chamber. There 
is a large median anterior pharynx, and 12 or 14 lateral 
pharynges arranged along the sides of the chamber. The object 
of the following study was to determine the sequence in the re- 
generation of the pharynges in pieces from different regions of 
the body. The particular point that we had in view in beginning 
the work was to examine the origin of the new pharynges in 
pieces cut posterior to the region of the old pharynges. It has 
been shown for other planarians that pieces from this region of 
the body produce a new pharynx at or near the anterior end, and 
the question arose as to what would occur in a form like Pkago- 
cata having several pharynges. Would the median pharynx first 
appear and new ones be added behind this one ? This would 
indicate that a growing region was also present behind the first 
pharynx, while in other planarians the growing region in pieces 
of this kind appears to be mainly anterior to the new pharynx. 
It seemed not improbable that a single anterior pharynx alone 
might develop and produce a mono-pharyngeal worm ! Other 
similar questions arose in connection with the regeneration of new 
lateral pharynges in more anterior pieces. 

The regeneration of the pharynges, in cross-pieces from the 
following regions of the body, was studied : 

A. Worm cut transversely into five pieces. 

1. Head-piece without any pharynges. 

2. Median piece with old median anterior pharynx. 

3. Middle piece with several lateral pharynges. 

4. Posterior piece with posterior pair or pairs of lateral 
pharynges. 

5. Tail piece without any pharynges. 

B. Worm cut transversely into ten pieces. 
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C. Worm cut transversely into three regions : (i.) head, (ii.) region 
of pharynges, (iii.) tail piece. These three pieces were again cut 
transversely into as small pieces as possible. 

An examination of the position of the new pharynges in the 
different pieces showed that in head-pieces the development oc- 
curred in the posterior part of the piece. In middle pieces new 
pharynges were regenerated at both ends ; and in tail-pieces a 
new median pharynx appeared in the anterior part and new lateral 
ones were later added behind. 

The first series (A) of preparations (sections) were of worms 
cut into five pieces and killed ten days later. 

Five head-pieces : (i.) has a large central pharynx, four lateral 
pharynges, three on the left, one on the right. 

(ii.) A central and three lateral pharynges are formed, 
(iii.) A central and two lateral pharynges are regenerated, 
(iv.) Four pharynges are formed ; the largest is probably the 
median pharynx, but this is not certain because the piece had a 
peculiar shape, due to unequal cutting. 

(v.) A central and four lateral pharynges are formed. 
Five median pieces with the old central pharynx present, 
(i.) The old central pharynx appears and five new lateral ones, 
(ii.) An old central pharynx and, owing to imperfect cutting, 
old lateral ones are also found ; three new lateral pharynges have 
regenerated. 

(iii.) An old central pharynx and many new lateral ones are 
present. 

(iv.) No old pharynx is found in this piece ; a new central and 
three new lateral ones are formed. 

(v.) An old central pharynx and possibly two or three lateral 
ones are left. There are several new lateral ones. 

Five middle pieces, (i.) shows a new central pharynx and 
lateral ones anterior and posterior — the old lateral ones occupy- 
ing the middle of the piece. 

(ii.), (iii.), (iv.), and (v.) show a similar regeneration. 
Of the five posterior pieces (i.), (iii.), and (v.) were cut too far 
back, and therefore only new pharynges are found. There are 
present a central and several lateral ones. 

(ii.) and (iv.) have old lateral pharynges, and a new central 
pharynx and new lateral ones both anterior and posterior. 



REGENERATION IN PLANARIAN PHAGOCATA GRACILIS. 1 62 

All the tail pieces show a new central pharynx and from two 
to five new lateral pharynges. 

The second set of worms were cut into five similar pieces and 
killed at the same time as the first set. 

Of the three head pieces (i.) and (iii.) .show a new central and 
four new lateral pharynges. 

(ii.) shows a central and three new lateral pharynges. 

The median pieces all have a new central pharynx growing 
probably from the base of the old one. They all have several 
new lateral pharynges ; and worms (ii.) and (iii.) have two lateral 
old pharynges. 

Each of the middle pieces shows many old lateral pharynges. 
(i.) shows one new lateral pharynx in the posterior end ; (ii.) 
shows two new anterior and one new posterior pharynx ; (iii.) 
and (iv.) show a new central pharynx and lateral ones anterior 
and posterior. 

The posterior pieces (ii.) and (iii.) show a new central and new 
lateral pharynx in the anterior part, old lateral ones in the middle, 
and new lateral ones posteriorly.* (ii.) shows only a new central 
pharynx ; the rest are old. Of the tail -pieces, (i.) has a new 
central and five new lateral pharynges. In (ii.) no new pharynges 
have regenerated. 

In (iii.) a new central and two lateral pharynges have devel- 
oped. 

The third set, cut into five pieces, were killed twelve days after 
the worms were cut. 

The three head-pieces show a new central and four new lateral 
pharynges. 

Of the median pieces (i.) and (iii.) show an old central and 
three new lateral pharynges. (ii.) has regenerated two new lat- 
eral ones posteriorly ; the four others, including the central one, 
are probably old ones. 

The new central and several old lateral pharynges are present in 
the middle pieces ; new lateral ones are developed at both ends 
of the pieces. 

Of the posterior pieces (i.) has one old and two new pharynges ; 
the central one is not yet regenerated. 

^In this case it is probable that the cut removed some of the old posterior 
pharynges. 
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(ii.) has no old pharynges ; but two new ones, one of which is 
the central pharynx, (iii.) has no old lateral pharynges in the 
posterior part, three new anterior ones, including a new central 
pharynx. Each of the tail-pieces has one new pharynx ; (ii.) has 
also one lateral pharynx-bud. 

In another series (B) the planarians, cut into ten pieces, were 
kept ten days before being killed. 

{a) The head-pieces died with but one exception. In this a 
pharynx cavity is formed with, possibly, a pharynx-bud. 

(d) The second pieces except worm (ii.) show new pharynges 
regenerated. 

(iii.) and (iv.) have developed a new central and four new lat- 
eral pharynges. 

(i.) has a central and three lateral pharynges. 

(c) The third pieces all have a new central pharynx and from 
one to three new lateral ones. In one piece the anterior pharynx 
is probably the old one. 

(d) The fourth pieces show new pharynges regenerated at 
at each end of the pharj'nx cavity, there being old ones in the 
middle, (i.) and (iii.) have a new central pharynx and several 
new lateral posterior ones, and several old ones in the middle. 

(ii.) differs in having other new pharynges besides the central 
one in the anterior part. 

(e) The fifth pieces are similar to the fourth, having new pha- 
rynges at both ends, old ones in the middle. 

(/) Two of the sixth pieces have four new lateral pharynges 
posteriorly, the central one and the three anterior lateral ones 
being old. 

(iii.) has a central and two lateral pharynges, probably all of 
them new. 

(g-) All of the seventh pieces have a new central pharynx, old 
ones in the middle and new ones towards the posterior end. 

(A) One worm of the eighth set shows a condition similar to 
those of the seventh set. The other has only new pharynges, 
a central and two lateral ones. 

(i) The ninth pieces have two or three new pharynges, (i.) has 
a central one, while in (ii.) no central pharynx has regenerated. 
No old ones are left. 
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(y) Two of the tenth pieces have not formed new phaiynges, 
the third has a new central and two new lateral pharynges. 

In another series (C) the planarians were cut into the three 
regions of the body — head, pharyngeal and tail parts and then 
each of these were cut into very small cross-pieces ; they were 
kept nineteen days and then killed. In the head pieces a new 
central and from three to five new lateral pharynges have devel- 
oped. 

The pieces from the pharyngeal region give no results as the 
pharynges are too advanced for one to be able to determine 
which of the pharynges are old and which are new. 

One of the tail pieces had no pharynges developed. The 
•others had a central and from four to six new lateral pharynges 
regenerated. 

The only other study that has been made of the regeneration 
of Phagocata gracilis is that of Lillie in 190 1.* He showed that 
** the power of regeneration of this genus is equal to that of 
Planariay He also pointed out that in cross-pieces several 
pharynges regenerate simultaneously, although the more anterior 
ones are the most advanced. Each pharynx develops at first in 
a separate cavity of its own and the cavities fuse together to form 
a common pharyngeal cavity. We have also observed this mode 
of development. Lillie found that in lateral pieces new pha- 
rynges first arise on the old side of the piece and the new ones on 
the opposite, regenerating side do not appear until a branch of 
the intestine, has extended into this region. The new pharynges 
connect at one end with this branch. 

Conclusions. 

The regeneration of cross-pieces from different levels shows 
the following relations. 

1. Pieces anterior to the old pharyngeal chamber produce in 
the new tissue at the posterior end a new median pharynx and 
lateral pharynges that increase in number from before backwards. 

2. Pieces containing only the old median pharynx develop 
new lateral ones from the sides of the pharyngeal chamber. 

1 Lillie, F. R., *< Notes 00 RegeneratioD and Regulation in Planarians," Amer. 
Jour, Physiology y VI., 1 901. 
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3. Pieces containing only some of the lateral phaiynges 
develop a new median pharynx at the anterior end of the pharyn- 
geal chamber and new lateral pharynges both in front of and 
behind the old lateral pharynges. 

4. Pieces cut behind the old pharyngeal chamber develop a 
new median anterior pharynx and new lateral ones are added 
from before backwards. 

5. Old lateral pharynges do not appear ever to be substituted 
for the old median pharynx if this is removed. 



I, 



AN EXAMINATION OF THE PROBLEMS OF PHYSIO- 

LOGICAL "POLARITY" AND OF ELECTRICAL 

POLARITY IN THE EARTHWORM. 

T. H. MORGAN AND ABIGAIL C. DIMON. 

The so-called "polarity" exhibited in the regeneration of ani- 
mals has suggested the idea to a number of writers that the phe- 
nomenon might be related to, or the outcome of differences in 
potential in different regions; or, in other words, of electrical polar- 
ity. The term "polarity" itself, which has been generally adopted 
to express a sort of stereometric relation in the regeneration of 
living things, suggests in certain striking ways the polar relations 
observable in many electrical phenomena, and invites a direct com- 
parison between the two. 

The only experiments that have been undertaken to test directly 
this question are the recent ones by Mathews^ on certain hydroids 
and on the tail of Fundulus. The interesting results reached by 
Mathews, while leaving the problem, so far as the main issue is 
concerned, still an open one, showed the importance of further 
examination of the subject. Mathews avoids, it is true, making 
a direct comparison between physiological "polarity" and the 
polarity present in electrical phenomena, and speaks rather of the 
rate of growth of certain regions in comparison with others; but 
if there is in reality any fundamental relation between the phe- 
nomena in question, we should expect to find some expression of 
it in the polar, or, more generally, the stereometric relations of 
the parts. 

If, for instance, the development of a head at the anterior end 
of a piece and of a tail at the posterior end is connected with dif- 
ference of potential in the two regions, we might hope to get evi- 

* Electrical Polarity in the Hydroids. A. P. Mathews. Am. Journ. Physi- 
ology, Vol. VIII, No. IV, Jan. i, 1903, pp. 294-299. 
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dence of this by means of the galvanometer. If this relation 
should be found to exist, there is a further opportunity of test- 
ing the validity of the conclusion in the case of axial hetcromor- 
phosis. For this reason we selected the earthworm for our study, 
since in the earthworm it had been shown by one of us that there 
regenerates from the anterior cut surface of posterior pieces not a 
head, but a tail. We should expect to find under these circum- 
stances a reversal of the potential in this region, when compared 
with an anterior cut surface in the more anterior regions of the 
worm. The following pages give the results of our examination. 

METHODS. 

Both Lumbricus terrestris and Allolobophora fcetida were used. 
Since the results appeared to be similar for both species, Lum- 
bricus, being larger and showing on the whole greater differences 
of potential, was preferred when available. In all, sixty-four 
worms were used, the number of tests made upon any one varying 
from one to seventeen. Differences of potential were detected by 
a Rowland-d'Arsonval galvanometer, connected with a pair of 
non-polarizable electrodes. Since the regulation of these electrodes 
was found to be troublesome, and since they were liable to intro- 
duce a source of error into the readings, their manufacture and 
regulation had best be described. Two glass tubes about three 
inches long, somewhat smaller at one end, were plugged at the 
small end with kaolin or filter paper, moistened with normal 
(0.85%) salt solution. The plug extended about a half inch be- 
yond the end of the glass tube. When made of kaolin, the end, 
after being used, could be easily broken off and re-formed from 
fresh material. When made of filter-paper, the tip, if it became 
contaminated from touching the worm, could be cut off. Above 
the plug each tube contained a saturated solution of zinc sulphate, 
into which projected through a cork a small amalgamated zinc 
electrode, connected by a wire with one of the poles of the gal- 
vanometer. Since the instrument was so sensitive that the slight- 
est loss of equilibrium was at once registered by a deflection of the 
mirror, great care had to be exercised in keeping the junctions of 
wires and zinc electrodes dry, and in balancing the other elements 



Physiological '^Polarity'' and Electrical Polarity. 333 

of the electrodes. As the electrodes were found to deteriorate 
rapidly when used, it was necessary to examine them at frequent 
intervals, and when the deterioration became so great as to affect 
seriously the value of the readings on the worm, to readjust the 
parts. This could be accomplished in several ways, of which some- 
times one and sometimes another was most effective. A fresh 
zinc electrode could be substituted, the zinc electrodes could be 
freshly amalgamated, or they could be polished by rubbing them 
with sandpaper. The current could sometimes be affected by 
moving one zinc so that a greater or less surface was immersed 
in the zinc sulphate. Putting fresh zinc sulphate solution into 
the tube nearly always produced a distinct effect. All these means 
of regulation proved more or less temporary, and often, when 
they all failed to balance the electrodes, fresh ones had to 
be made. The electrodes in which filter-paper was used proved 
much more constant and easy to regulate than the clay ones, and 
if they were often renewed, it seemed safe to employ them. 

A positive deflection of the galvanometer meant that the poten- 
tial at the right hand electrode was higher than that at the left 
hand, i. e., the current through the galvanometer flowed from 
right to left. Since in nearly all cases the left hand electrode was 
placed on the worm anterior to the right hand one, a positive de- 
flection meant that the current flowed through the galvanometer 
from the posterior to the anterior electrode. 

The electrodes were applied, sometimes both to the dorsal sur- 
face of the worm, sometimes to the ends made by transverse sec- 
tions through the body, and sometimes one to the surface, and the 
other to a cut end. The results will be considered according to 
the position of the electrodes. 

ONE ELECTRODE ON THE SURFACE AND THE OTHER ON THE 

CROSS-SECTION. 

It will be seen from the records given in the following selected 
tables that however general certain results appear to be, never- 
theless some individuals show irregularities. This uncertainty in 
the results can be in part at least accounted for by the following 
considerations. Secretions in different regions of the body, the 
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flow of blood from cut surfaces, the excretion of slime from the 
skin, local or general muscular contractions might all tend to af- 
fect the results. Such effects could sometimes be distinctly seen 
in an increase or decrease in the deflection of the galvanometer. 
It seemed possible that the presence or absence of food in the 
digestive tract might in itself or by stimulating the flow of digest- 
ive fluids influence the distribution of electric potential, but this 
was not observable from tests made with worms that had been 
starved for several days. 

Experiment i. Lumbricus terrestris starved two days.* Cut 
ends anterior at several levels. The left hand electrode was ap- 
plied to the cross-section and the right hand electrode to the dor- 
sal surface one-third to one-half inch behind the section. The 
zero point of the galvanometer was 27.1, and the effect of the 
electrodes varied, deflecting it between the limits 26.1 and 29.3, 
both of which deflections are less than those caused by the worm 
itself, and may therefore be disregarded. The galvanometer 
readings at different levels on the worm were as follows : 

Cut at fourth segment. ... a. 45.0+ (off scale) Surface positive 

^ut at fourteenth segment. b. 35.5 

Successive sections between [ c. 45.0+ (off scale) 

the fourteenth segment d. 42.5 

and the middle of the 1 e. 40.0 

worm f. 43.5 ** ** 

Successive sections posterior [ g. 11.5 Cut end positive 

to the middle J h. 34.0 Surface positive 

[ I. 32.2 

The readings are all definite and represent the state of affairs 
in a majority of the worms examined. From these data it will 
be seen that when a worm is cut in two it is found that in the 
anterior regions of the worm the anterior cut end of the posterior 
piece is negative with respect to the near-lying surface. In the 
posterior regions of the worm where there was more variation the 
differences in potential were usually less, and sometimes reversed in 

^Since the results seemed not to be affected by the absence of food from 
the digestive tract, this specimen was chosen because a more complete series 
of sections were made from it than from any unstarved worm. 
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direction. Irregularities were often observed at about the fif- 
teenth segment, where the male reproductive organs open to the 
exterior and the crop-gizzard region begins. Irregularities also 
occurred at the girdle. In the worm used for this experiment 
negative deflection of the galvanometer occurred only once, im- 
mediately behind the middle of the worm, but the positive deflec- 
tion was diminished at the fourteenth segment and at the other 
cut ends in the posterior regions of the worm. 

Experiment 2. Lumbricus terrestris. Cut end posterior. The 
zero point of the galvanometer was 27.3, and the electrodes 
caused a deflection to 27.5 at the beginning and to 30.0 at the end 
of the experiment, which does not affect the sense of the deflection 
for any reading. The galvanometer record for the different levels 
is as follows : 

[a. 28.0 Cut end positive 
Successive sections from the posteriori b. 19.5 Surface positive 

end to the middle of the worm. . . 1 c. 23.0 " ** 

23s 
Section about the middle e. 24.0 ** ** 

Section anterior to middle f. 25.0 ** ** 

Section at 23rd segment g. 39.0 Cut end positive 

Section at 15th segment h. 20.0 Surface positive 

Section anterior to 15th segment. ... i. 17.7 



( d. " - 
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The surface has a higher potential than the cut end at all but 
two levels, one where only a few segments arc cut off from the pos- 
terior end, where the difference of potential is small ; and the other 
at the twenty-third segment. The reversal of current at the extreme 
posterior end occurred in all the worms in which a full series of 
sections was made. The twenty-third segment is between the fif- 
teenth segment and the girdle. In this region two other worms 
showed possible cases of reversal of current, though the more usual 
condition was that the current was reversed at the fifteenth seg- 
ment or at the girdle, or at both points, but between them flowed 
in the same direction as in the rest of the worm. The worm used 
in this experiment showed the same distribution of potential that 
is found in a majority of individuals, except at the fifteenth seg- 
ment, where one-half of the worms tested showed a reversal of 
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current, the other half agreeing with this experiment in showing 
no reversal. 

From experiments i and 2 it may be assumed that when an 
earthworm is cut in two, the transverse section commonly repre- 
sents a point of lower potential than the uninjured surface near to 
it. At the cut end chemical changes no doubt take place as a re- 
sult of the fluids there set free, and of the general breaking down 
of tissues. These conditions might bfe expected to alter the elec- 
trical potential at the cut end, and presumably, where these changes 
are greatest, the alteration of potential will be greatest. Since, 
however, the transverse section is usually lower in potential than 
the uninjured surface near it, whether the section be at the anterior 
or posterior end of the piece, the difference in potential cannot bear 
any relation to the kind of regeneration that is to take place. 

Having illustrated the more regular and more usual conditions 
of distribution of potential between surface and cross section, two 
illustrations of the exceptions to this condition, sometimes met 
with, will now be given. In the first a distribution of potential 
different from the average occurred throughout the whole worm. 
In the second, a short piece of a worm showed unusual conditions. 

Experiment 3. Lumbricus terrestris, young. Cut end posterior. 
The zero point of the galvanometer was 27.4, and the electrodes 
deflected it to 26.3 at the beginning of this experiment, and to 28.9 
at the beginning of the next experiment made that day. Some 
doubt may, therefore, be thrown on two of the readings given 
below — those at the girdle and at the fifteenth segment. The direc- 
tion of deflection in these cases is probably correct, but the amount 
is small. The readings were as follows : 



Posterior to middle a 

Just back of girdle b 

Anterior to girdle J ^ 

At 15th segment. ... e 

f 



Anterior to 15th segment 



e 

h 



24.0 
29.0 

33-5 
34.6 
26.5 
32.8 
36.0 

34.9 
350 



Surface positive 
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Cut end positive 
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Surface positive 
Cut end positive 
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Here we see the cut end with a higher potential than the surface, 
except at the girdle and in front of the fifteenth segment, where 
the current is reversed. The worm was small and immature, but 
as other young worms gave the same sort of readings as the ma- 
jority of mature worms, the peculiar results cannot be due to im- 
maturity. In fact, it is difficult even to guess why this worm should 
give such different responses from the others. Another case 
was also recorded in which the cross section was anterior and of 
higher potential than the neighboring surface for a series of seven 
sections. 

Experiment 4. Lumbricus terrestris. Piece one inch long from 
near the posterior end of the worm, with a cut surface at each end 
of the piece. Zero point of galvanometer, 28.6; electrodes, 30.0. 

Electrodes at anterior end and 

middle of piece 26.3 Anterior cut end positive 

Electrodes at posterior end and 

middle of piece 27.1 Surface positive 

Electrodes at bqth ends 27.0 Anterior cut end positive 

In this experiment the anterior electrode is positive with respect 
to the posterior one, whether it be on an end or on a surface, and 
we get a constant direction of current from before backward. The 
worm from which the piece was cut gave the usual results for 
the other readings made on it. The piece was cut out by two 
consecutive cuts with no appreciable time between them, so that 
the freshness of the cut could not, as it does in other cases given 
later, influence the result. One other case resembled this one, 
while two cases showed conditions in which the middle was posi- 
tive with respect to both ends, and three cases showed conditions 
in which the middle was negative with respect to both ends. 

It has been stated that marked changes in the distribution of 
potenial between the surface and cross section often occur at the 
fifteenth segment and at the girdle region. When a worm is cut 
in two at the fifteenth segment the cut end has usually a higher 
potential than the surface either anterior or posterior to it, or when 
short pieces of a worm are cut with one end at the fifteenth seg- 
ment, that end is positive to the other, whether it be an anterior 
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or a posterior end of the piece. When, however, a worm is cut 
in two immediately anterior or immediately posterior to the girdle, 
the girdle has a lower potential than either cut end. Both these 
regions, therefore, show a state of affairs different from that in 
other parts of the worm. When worms were cut in two at a 
series of points it was found that at the fifteenth segment there was 
a change in direction of the current in twelve cases out of nine- 
teen, and at the girdle in eight cases out of fourteen, four cases 
in which the change was not very pronounced being included in the 
first series, and two in the second. The change in direction of cur- 
rent, though by no means uniform, is rather more likely to occur 
than not, and may perhaps be connected with substances secreted 
by the organs at these levels. 

If the distribution of potential in the earthworm resembles the 
distribution of potential in a resting muscle, we might expect that 
the difference of potential between the electrodes would vary ac- 
cording to the position of the electrodes. A series of experiments 
was tried, in which one electrode was kept stationary at a trans- 
verse section, and the other moved along to different positions — 
usually one near, one half way between the ends, and one on the 
skin at the end opposite the transverse section. Great variation 
in the deflection of the galvanometer was always observed for 
these different positions, but it was by no means regular. The 
most common case was that the deflection was greatest when the 
electrodes were near one another, decreasing as they moved away, 
and sometimes even changing to an opposite direction when they 
were at opposite ends of the worm. In this series of experiments 
we have not only the complicating conditions already mentioned, 
but also the factor of resistance which would be approximately 
proportional to the distance between the electrodes, and if appre- 
ciable would modify the results in the way stated. The problem 
is one of greater complexity than that of the distribution of poten- 
tial in the comparatively homogeneous tissue of the muscle, where 
the resistance is small. If the earthworm were homogeneous as 
regards electrical conductivity, and a difference of potential were 
set up by means of a transverse section, the point of lowest poten- 
tial would be in the middle of the cut end, and of highest potential 
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at the opposite end of the worm. If, however, resistance varied 
in different parts of^an unhomogeneous tissue, the difference of 
potential observed between two points would be a resultant be- 
tween a tendency to a regular rise of potential and an irregular 
distribution of resistance, and the recorded distribution of poten- 
tial would, therefore, be irregular. In point of fact, however, as 
mentioned above, other causes of irregularity may be added to 
those due to resistance, and many arrangements of potential were 
observed in the seventeen cases tested. 

ELECTRODES APPLIED TO TWO POINTS ON THE SURFACE. 

Experiment 5. Lumbricus terrestris. The zero point of the 
galvanometer was 28.6, and the electrodes deflected it to 27.9 or 
27.8, in an opposite direction from deflections caused by the worm. 
This experiment was made in order to see what the electrical con- 
ditions are on the surface of the worm. Three readings were 
taken, as follows: 

a. Earthworm cut in two at the mid- 

dle. 
Posterior piece. One electrode on 
the surface at the section and the 
other on the surface, posterior to 
the section, but near it 30.3 Posterior positive 

b. Same worm. Short piece cut from 

posterior half of animal. 
One electrode on the surface at the 

anterior section, and one on the 

surface posterior but near - 33.9 ** ** 

One electrode on the surface at the 

anterior section, and one on the 

surf ace at the posterior section . 35.0 ** *' 

The direction of current was the same as would be expected if 
one electrode were applied directly to the cut end, and the other to 
the uninjured surface near the end. On the assumption that at 
any level the conditions of the surface fairly represent those in the 
interior of the worm, by testing the distribution of potential at 
the surface of an uninjured specimen it may be possible to get some 
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idcz of the distribution within the worm. This was done in the 
following experiment. 

Experimenf 6. Lumbricus terrestris. Both electrodes applied 
to the surface. The zero point of the galvanometer was 26.9, 
and the electrodes varied from 26.7 to 22.0 after the third read- 
ing, when they were regulated to 24.3 , and at the end registered 
only 26.0. The readings of the galvanometer were as follows: 

One electrode at anterior end, the other 

near 32.0 Head end negative 

One electrode at anterior end, the other 

at middle 30.0, then up, off scale. 

Head end negative 
One electrode at anterior end, the other 

at posterior end 16.0 " " positive 

One electrode at posterior end, the 

other at middle 28.0 Tail end positive 

One electrode at posterior end, the 

other near 18.0 1 



a i( 



negative 
22.5 \ ^ 

It is difficult to explain these data so that they are consistent. 
There is no one point that has a high potential relative to all 
others, though the deflections arc sufficiently strong to indicate 
that they are not due to variability in the electrodes themselves. 
The variation may perhaps be due partly to local muscular con- 
traction and partly to the excretion of slime at points on the sur- 
face, for in Allobophora, where the body cavity fluid extruded 
through the dorsal pores is yellow and noticeable, its excretion 
was observed to have a great effect upon the deflection of the 
galvanometer. 

Different worms, too, show the greatest differences as to their 
reactions when electrodes are touched to different parts of their 
surface. In general, the two ends tend to have a lower potential 
than other parts of the surface, and the middle tends to have a 
higher potential with respect to points on either side of it. At 
the girdle and at the fifteenth segment, however, the results are 
more definite, as is shown in the two following experiments. 
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Experiment 7. Lumbricus terrestris. Zero point of galvanom- 
eter, 28.6; deflection caused by electrodes to 30.5. 

One electrode at girdle, the other anterior 

to it, and near 20.5 Girdle negative 

One electrode at girdle, the other posterior 

to it, and near 39.0 



ii 41 



Experiment 8. Lumbricus terrestris. Zero point of galvanom- 
eter, 28.6; deflection caused by electrodes to 30.0, at end of 
experiment. 

One electrode at 15 th seg- 
ment, the other ante 
rior to it and near. . 29.8 15th segment negative, probably 

One electrode at 15th seg- 
ment, the other poste- 
rior to it and near. . . .31.5 ** 
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The girdle is definitely of a lower potential than the surface 
near it, anterior or posterior, and this was found to be the case 
for four worms tested. At the fifteenth segment the difference 
was not so great, and though this region was negative with respect 
to a surface posterior to it, with respect to one anterior it was only 
very slightly, or, perhaps, not at all so. In another worm the fif- 
teenth segment was evidently positive with respect to a surface an- 
terior to it. 

ELECTRODES APPLIED AT TWO TRANSVERSE SECTIONS. 

Experiment 9. Lumbricus terrestris. Pieces cut out from 
worm. The zero point of the galvanometer was 27.3. The 
electrodes deflected it to varying amounts. In two cases, namely 
the fourth and the seventh readings in the table, where the elec- 
trodes deflected the galvanometer to 26.1 and to 29.5, respectively, 
these deflections come near the readings given by the worm. In 
the other cases it is not necessary to take deflection caused by the 
electrodes into account, since they would not affect the direction of 
the reading. The data are as follows : 
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(a) Anterior half of worm, both ends cut 

(long piece) 16.6 Anterior positive 

(b) Short piece from anterior part of an- 

terior half of worm, the posterior 
end cut somewhat later than the 
anterior end 22.3 *' ** 

(c) Same. Anterior end freshly cut. . . . 32.5 Posterior positive 
{d) Short piece from middle part of an- 
terior half of worm, posterior end 

more freshly cut 27.1 

27.0 
27.9 
(e) Same piece, anterior end freshly cut. 36.2 
{ f ) Short piece from anterior part of pos- 
terior half of worm 33.0 

(g) Short piece from middle of posterior [ 28.5 Anterior end 

half of worm 1 24.0 positive probably 

(h) Anterior half of (g), posterior end 

freshly cut 22.0 Anterior positive 

(i) Posterior half of (g), anterior end 

freshly cut 34.0 Posterior positive 

In this worm, when the two ends were cut at approximately 
the same time, which happened in (a), (f) and (g), the piece 
from the anterior half had its anterior end positive, and the two 
pieces from the posterior half had their posterior ends positive. 
In the majority of worms tested, when the two ends of a piece 
were cut at the same time, the anterior end was positive, regard- 
less of the position of the piece on the worm.* If, however, the 
two ends were cut at different times, which in this worm occurred 
in six pieces, the end which had been cut most recently generally 
had a lower potential than the other. Since the testing with the 
electrodes on a transverse section and an uninjured surface near 
that section the end was usually found to be at a lower potential 
than the surface, the fall of potential was supposed to be due to 

^When, however, the pieces were long (one-half the worm or more), in a 
majority of cases the posterior end was positive with respect to the anterior 
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changes accompanied by the escape of body fluids at the cut end. 
Since, when the electrodes are on two transverse sections, the one 
that is more recently cut is of a lower potential than the other, it 
would appear that the causes that determine the fall of potential 
are such as decrease in the course of a short time. The fluids 
that escape from the cut end dry rather rapidly, whereas the tissue 
cells, breaking down, are not built up for several days. The first 
fall of potential, then, is probably largely due to escape of blood 
or other fluids from the section, while the slighter permanent effect 
may be due to the breaking down of tissue cells. When there 
was but a short time between the two cuts the lower potential did 
not always occur at the fresher one, which may have been partly 
because fresh fluids were still coming from the earlier section. In 
the anterior half of the worm, also, there was great irregularity, 
which may be partly due to different digestive fluids at different 
regions of the digestive tract producing varying electrical activi- 
ties. 

The differences of potential between two transverse sections are 
probably a resultant of the factors that cause difference of poten- 
tial between a section and a surface. If a piece be cut out from 
an earthworm by two transverse sections, there will be a difference 
of potential between each end and the surface between the ends. 
If the differences of potential between each end and the surface 
are equal and opposite they will balance one another, and there 
will be no difference of potential when electrodes are applied to 
the two ends. If, however, the differences of potential between 
the two ends and the surface are unequal, their resultant will de- 
termine a difference of potential between the two ends. This is 
illustrated by experiment 10. 

Experiment 10. Lumbricus terrestris. Short piece. The zero 
point of the galvanometer was 28.6, and the electrodes registered 
slightly above this at the beginning of the experiment. The read- 
ings were as follows : 

(a) One electrode applied to anterior end, the other to the 

middle of the piece 25.0 

(b) One electrode applied to posterior end, the other to the 

middle of the piece 30.S 
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(c) One electrode applied to one end, the other to the other 

end of the piece 28.0 

If we disregard the deflections caused by the electrodes, the 
following are the departures from the normal: (a.) = — 3.6, 
(b.) = +2.2, (c) = — 0.6. Theoretically, if (c.) were the re- 
sultant of (a.) and (b.), it would equal — 1.4, but considering 
how variable the conditions were always found to be, — 0.6 pre- 
sents a fairly close agreement. In all other cases but one, where 
similar tests were made, the results agreed in like manner with the 
theory. 

REGENERATING WORMS. 

In addition to the readings made from worms that had been 
freshly cut in two, a series of readings were made on worms in 
which the process of regeneration had proceeded for a number 
of days. The regenerating worms were divided into four groups : 
( I ) those in which a few anterior segments had been cut off and 
regeneration was taking place at the anterior end of the long 
piece; (2) those in which the worm had been cut in two in the 
middle and regeneration was taking place at the posterior end of 
the anterior piece; (3) those in which the worm had been cut in 
two in the middle and regeneration was taking place at the an- 
terior end of the posterior piece; (4) those in which the worm had 
been cut in two at the fifteenth segment and regeneration was tak- 
ing place at the anterior end of the posterior piece. They were 
allowed to regenerate from twenty-five to thirty-two days, and in 
the course of that time five or six tests were made on most of 
them at intervals of a few days. One electrode was applied to the 
regenerating tip, and the other to the old surface a short distance 
from the tip. In all one hundred and fourteen readings were re- 
corded, the results of which may be summarized as follows : 

Group (i) 31 cases, end positive ; 9 cases, end negative 

Group (2) 20 ** '' " 18 

Group (3) 15 " '' " II *' 

Group (4) 8 " " " 2 
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If we regard only the readings made when regeneration had 
proceeded more than twenty-one days, in thirty-six cases the end 
was positive with respect to the surface, and in eleven cases it was 
negative, a much more definite result than when all cases are con- 
sidered. 

The conditions in a regenerating tip do not, therefore, agree 
with those at a freshly cut end, for the current flows in an oppo- 
site direction. To be sure, the processes occurring during regen- 
eration are not the same as those occurring during the breaking 
down of tissues, and the latter may be the predominant ones im- 
mediately after a cut is made. The subject, however, needs fur- 
ther investigation before the causes for this reversal can be more 
than surmised. 

ELECTRICAL POLARITY AND RATE OF REGENERATION. 

If we look for a relation between electrical polarity in the worm 
and rate of regeneration, as Mathews has suggested, we find it 
as difficult to demonstrate as the difference between electrical and 
physiological polarity. If the average deflection of the galvanom- 
eter was greater at certain levels where regeneration is known 
to be rapid than at other levels where it is slow, the connection 
would be established. For instance, the regeneration of a tail at 
the posterior end of a worm when only a few posterior segments 
are cut off, is exceedingly rapid, whereas the regeneration of a 
heteromorphic tail at the middle of a worm is very slow. The 
average deflection of the galvanometer in the former case for 
three readings is, however, 3.4, with the cut end positive instead of 
negative in every case. In the latter case the average deflection 
for seven readings is 3.6 (with the end negative) , with no extreme 
readings to bring it up. The region in the middle of the worm, 
where a tail is to regenerate from the posterior end of the anterior 
piece, gives an average deflection of 4.7 for seven readings from 
different worms. When five or six segments are cut from the an- 
terior end of the worm the average deflection for seven cases was 
4.6 at the anterior end of the long piece. At the posterior end of 
the short piece, regeneration would be very slow, and at this end 
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only two readings were made, one giving a very slight result, the 
other deflecting the galvanometer to 5.2. 

If we attack this subject by another method, namely, by mak- 
ing a direct comparison between two freshly-cut ends on one worm, 
the results are equally indefinite. When five or six segments were 
cut from each end of the worms, of a scries of fifteen readings on 
different worms made with one electrode at the anterior-cut end 
and the other at the posterior-cut end, the posterior end was posi- 
tive in eleven and the anterior end positive in four. When the 
worm was cut through the middle and at the posterior end, the 
posterior end was positive in three cases, and the middle in one 
case. When the cuts were made through the middle and anterior 
end, in five cases the middle was positive, and in two the anterior 
end positive. From these considerations it would therefore ap- 
pear that no invariable connection between rate of regeneration 
and electrical polarity exists in the earthworm, at least as measured 
on a freshly cut surface. 

From the foregoing experiments we conclude: 

( 1 ) That a freshly cut end of an earthworm is generally nega- 
tive with respect to a near-lying uninjured surface. 

( 2 ) That the freshness of the cut surface has an important in- 
fluence in determining the amount of difference of potential. 

(3) That the result is often complicated by the presence of se- 
cretions or exudations on the surface, or by the presence of certain 
organs at the cut end, or by the contractions of the worm, etc. 

(4) That in the region of the girdle and also in the region of 
the fifteenth segment (near which the crop and gizzard lie), the 
results are often different from those elsewhere. 

(5) That there is no apparent relation between the differences 
in potential at freshly cut surfaces and the kind of regeneration 
(head or tail) that occurs. 

(6) That cut surfaces from which heteromorphic growth 
would take place show the same sort of differences in potential 
as those from which orthomorphic regeneration occurs. 

(7) That the differences in potential present when a cut sur- 
face is exposed can probably be accounted for by the chemical 
changes taking place at the surface; and these need have, and do 
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not appear to have, any relation to the kind o^ regeneration that 
takes place. 

(8) That when, on the other hand, the cut surface is allowed 
to heal, and when later a new structure has begun to appear, the 
differences in potential between the new and the old parts (as 
measured on the surface only) are not such as can be made to ac- 
count for the difference in the kind of part (head or tail) that is 
regenerating. Here also many complications enter into the re- 
sult and make it difficult to draw satisfactory conclusions. 

(9) No definite relation was found between the rate of growth 
and the fall of potential between an uninjured surface and a cut 
end. 



THE REGENERATION OF A HETEROMORPHIC TAIL 

IN ALLOLOBOPHORA FOETIDA. 

ABIGAIL CAMP DIMON. 

In a paper by Professor Morgan^ an account was given of an- 
terior regeneration from three different levels in earthworms. 
The results seemed to show that the internal factor determining 
the formation of a heteromorphic tail might be the presence of 
the stomach-intestine at the regenerating surface, and at Professor 
Morgan's suggestion and under his direction, the following ex- 
periments were undertaken. An attempt was made to test this 
view by means of more exactly localized sections made near the 
level of the beginning of the stomach-intestine. 

In Allolobophora foetida, the species used, the oesophagus ex- 
tends to the fifteenth segment, the crop lies in the fifteenth and 
sixteenth, the gizzard in the seventeenth and eighteenth, and at 
the nineteenth begins the stomach-intestine, which extends pos- 
teriorally through the rest of the worm. The external openings 
of the vasa deferentia on the fifteenth segment served as con- 
venient landmarks for determining the level of the section. The 
worm was cut in two, the short anterior piece dropped into alcohol, 
and its number of segments counted so that the exact level of the 
cut could be recorded. The posterior piece was then left to re- 
generate from forty-eight to one hundred and twenty days, when 
it was killed, and sections made for study. In some cases a new 
head, and other cases a new tail regenerated from the anterior end 
of the posterior piece. In the regenerating head the new stomo- 
daeum usually did not open into the old digestive tract, which 
closed anteriorly, and no definite pharynx formed. A dorsal brain, 
connected with the ventral nerve cord was usually present. Since 
these conditions represented the most usual form of head regenera- 



^ Experimental Studies of the Internal Factors of Regeneration in the Earth- 
worm. Arch, fiir Entwickelungsmech. der Organ. Bd. XIV. pp. 562-591. 
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tion at the levels of these experimehts, the cases in which they ex- 
ist are classified in the table as a separate group under Head A. 
Cases where the brain lies anterior and even ventral to the level 
of the digestive tract; where the nerve cord ends without form- 
ing a brain ; or where there is no mouth invagination, though the 
brain is well developed, are classified as Head B. The heads of 
group B look less like a normal head than those of group A, and 
yet are very evidently to be classified as heads rather than as tails. 
The distinctive features indicating a heteromorphic tail are the 
formation of a number of segments, the opening of the digestive 
tract to the exterior through a new anus, and the ending of the 
nerve cord ventrally, without a brain. Tails possessing these fea- 
tures are put in group A, while those in which any of these features 
are absent, are put in group B.* 

In all, one hundred and seventeen worms were examined, with 
the results given in the table. • The number of the segment given 
at the head of each column locates the level at which the worm was 
cut in two, and both the actual number of worms and the percent- 
ages are given under each class. 
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^In only twenty-four cases out of one hundred and seventeen did the old di- 
gestive tract open to the exterior through the new mouth or anus. This occurred 
ten times in head regeneration, ten times in heteromorphic tail regeneration, 
and four times in cases classified as uncertain. Seven of the twenty-four cases 
occurred when the worm was cut in two in front of the sixteenth segment, and 
the other seventeen when it was cut behind the eighteenth segment. 
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Since there were but few worms cut further back than the eigh- 
teenth segment, and since the stomach-intestine begins at this level, 
all the observations made on worms cut posteriorly to the eigh- 
teenth segment were brought into one class. It is worth noting, 
however, that of the four heads regenerating at these levels, three 
formed from worms cut at the nineteenth segment, while the 
fourth formed from a worm in which the exact level of the cut 
was not noted. The percentages in the different classes, though 
based on a small number of cases, yet bring out clearly one or two 
points. When a worm was cut in two in front of the stomach- 
intestine, in no case was a heteromorphic tail formed. The per- 
centage of cases in which a head was formed grows less as the sec- 
tion is made further back on the worm, the fall of percentage 
being very great immediately behind the gizzard. This tends to 
support the hypothesis that the formation of a heteromorphic tail 
is favored by the presence of the stomach-intestine near the cut 
end, though when the section is not more than one segment back 
of the gizzard a head is sometimes formed. 

Though the preceding experiments seem to show that the devel- 
opment of a heteromorphic tail is connected with internal struc- 
tures in the worm, they leave untouched the question of the kind 
of regeneration that takes place from posterior ends of anterior 
pieces cut anterior to the stomach-intestine. This point should be 
determined, and I hope in the future to undertake a set of experi- 
ments in which the posterior regeneration from anterior pieces 
will be observed. 
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For many years the general outline of the embryonic history of Hylodes 
Martinicensis has been known. Since the early seventies, it has been 
described as the West Indian tree-frog, with no aquatic tadpole stages, 
but with an embryo developing within the egg membranes as far as the 
adult form, — the embryo being provided with a large supply of yolk food, 
being devoid of gills, but with a highly vascular and, therefore, it was 
believed, respiratory tail. I am fortunate in having at my disposal a 
good series of the eggs of Hylodes, from which I have studied the develop- 
ment in more detail. 

I am glad to take this opportunity of acknowledging my indebtedness 
to Professor T. H. Morgan for the material which he has collected and 
obtained from others at different times, and for his help and sugges- 
tions in the work. 

The eggs that I shall describe were collected by Professor Morgan 
and Dr. Conant during two or three seasons, in the month of July, 
on expeditions of the Marine Laboratory of the Johns Hopkins Univer- 
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sity to Jamaica. The eggs were found at Bog Walk, on Blue Mountain 
Peak, and at Port Antonio. On Blue Mountain Peak they occur at a 
high elevation (about 6000 feet) in very damp localities, where the rain- 
fall is very heavy. 

Andrews, 92, reports that "these tree-frogs are found all over the 
island; at Port Antonio the breeding season seemed to be past July 20; 
while at Manchioneal, specimens with very large ovarian eggs were taken 
July 24." 

I wish also to thank Mr. E. L. GriflBn for a set of eggs collected at 
Cinchona (an elevation of 5100 feet). 

The eggs are found imbedded in a clear gelatinous substance, in masses 
of about an inch in diameter, under loose stones or logs. During their 
development, the adult frogs are to be found near them. It appears, 
from the preserved material, that, in young stages at least, all the eggs 
of a mass are uniformly advanced in development. 

I. EXTERNAL CHARACTERS. 
1. SEGMENTATION. 

The segmentation stages that were obtained are suflBcient to show the 
general character of the division of the egg. In spite of the large quan- 
tity of yolk, the segmentation is holoblastic. The first furrow usually 
divides the egg in half, and the second comes in at right angles to the 
first (Plate I, Fig. 1 *), but in one egg the first furrow has cut off not 
more than one-third of the egg from the rest. I have a number of eggs 
in the two-celled stage in which the second furrow is deeply marked on 
the upper pole, but extends only about half way around the egg (Figs. 1 
and 2). I have no eggs that show how the third furrow comes in, or 
whether it appears before the second furrow is completed. In later 
stages the upper hemisphere divides more rapidly than the lower, as 
shown in Figs. 3 and 4. It has recently been found in the large egg of 
Desmognathus fusca, with a segmentation similar though even more un- 
equal than that of Hylodes, that there is no equatorial furrow ; nor is the 
third furrow equatorial in Triton cristatus, or constant in Salamandra 
maculosa. Later stages of Hylodes (cf. Figs. 3 and 4) show the smaller 
cells at the animal pole, the larger, yellower, more yoke-laden cells at the 
other pole. The next link in the history (Fig. 5) is the stage where the 
bastopore is closing in over the yolk-plug. 

* The figures on the two plates are Indicated by consecutive numbers, while 
text figures are marked by a letter of the alphabet. 
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2, Embryonic Stages. 

Among the embryonic stages, I have material for a more complete 
history, especially in the later development, than the egg-stages have 
shown. For convenience in naming the stages, I have numbered them 
in order, although, owing to some breaks in the series, consecutive num- 
bers do not represent equal advances in development. Since the ages of 
the preserved eggs are not known, I have compared the eggs with figures 
of embryos that were watched during development, and whose age was 
noted. The comparison shows that stages VI, XIII, XIV, and XV, 
correspond nearly with the embryos under observation which were labelled 
" 7-8 days, about 12 days, just hatched, one hour old.^' As I have indi- 
cated, the former accounts of Hylodes have shown that the tree-frog 
at no time exists as a free-swimming larva, but that it develops enclosed 
within a membrane, which is not ruptured until the frog has reached a 
stage essentially like the adult, though sexually undifferentiated. When 
the gelatinous secretion about the preserved eggs has been removed, the 
vitelline membrane is found to be a tough transparent envelope through 
which the embryo can readily be seen. The eggs are of great size owing 
to a large amount of yolk, and are at first unpigmented. As the small, 
colorless embryo develops, it encircles the yolk more and more, while, at 
the same time, the yolk diminishes in quantity. 

In stage IV (Figs. 8, 9), the diameter of the egg preserved in alcohol 
measures a little less than 3 mm., and the embryo is about one-half the 
length of the circumference. Both pairs of legs are present as knobs 
at the sides of the embryo; the tail also is scarcely more than a knob, 
although slightly lengthened and turned to the right or to the left side. 
In this stage the tail usually covers the anal opening, though the pos- 
terior rim of the anus still shows on the side from which the tail is 
turned away. The primary divisions of the brain are seen, the auditory 
vesicles are very distinct, and the optic cups are discernible. The embryo 
lies flat upon the egg so that its contour is scarcely raised above the 
level of the yolk. In stage III, the tail and legs are shorter than in 
stage IV, and on either side of the neck of the embryo are four deep 
parallel grooves, the ectodermic depressions which lie opposite the vis- 
ceral pouches. In stage II (Fig. 7), the anus is seen at the posterior 
extremity of the embryo, and the tail is not formed, but the rudiments 
of both pairs of legs appear at about this stage. The optic vesicles show 
as diverticula from the brain. In stage I (Fig. 6), the blastopore is just 
closing, the divisions of the brain are not seen, but the head end of the 
embryo is broader than the trunk. 
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As development advances beyond stage IV, the legs of the embryo 
elongate, the area of the tail increases, and the brain and sense organs 
axe further diflferentiated. At about stage VI (Fig. 10), pigment appears 
at isolated points over the dorsal surface of the embryo and in a dermal 
fold which covers the base of the anterior legs. 

In stage IX (Plate II, Fig. 11), the eyes are large and heavily pig- 
mented. The olfactory pits are plainly seen in an anterior view of the 
head, and are so far apart as to show from the side. The anterior legs 
lie close to the head (reaching well to the middle of the eyes when looked 
at from above). They are covered to the foot by the pigmented dermal 
fold. In some views, the outlines of toes can be seen. The tail is nearly 
twice as long as the hind leg, and is spread out under the egg membrane 
in a thin vascular sheet. The axis of the tail divides it into more or less 
imequal parts, the part lying towards the head end of the embryo being 
smaller than that lying on the opposite side of the axis. The tail is not 
pigmented, but the pigment in the embryo has increased in density, and 
is extending over the yolk. 

Between stages IX and XII, the egg as a whole increases in size, and 
the embryo manifestly develops at the expense of the yolk. It is possible 
to see the increasing complexity of the brain until a period when the 
pigment renders the skin opaque. The fore-legs, as they increase in 
length, grow around the head (meeting ultimately under the chin), and 
the dermal fold, by which they have been partially covered, recedes. The 
hind-legs grow around the yolk, until they almost touch the fore-legs, 
and the fingers and toes become jointed and provided with suckers. The 
area of the tail increases. By the time stage XII (Plate II, Fig. 12) is 
reached, the embryo with the exception of the tail is uniformily though 
not deeply pigmented ; in the tail, there are only a few scattered pigment 
cells. The lower lip, or rather the chin, is very thick, so that the head is 
less flat than before; on the upper lip is a single median black horny 
protrusion or beak. 

In stage XIII (Plate II, Fig. 13), the frog no longer appeare to be 
encircling an egg, but what yolk remains is incorporated in the body. 
Near each thigh is a pale triangular area, raised slightly above the sur- 
roimding surface. This is seen again in XIV (Fig. 14), where similar 
raised patches show on the sides of the neck. 

The embryo in stage XIV has hatched, and looks like a somewhat bloated 
miniature adult frog. It measures 2.3 cm. in length; the adult frog 
measures 6 to 6 mm. The boundaries of the lymph spaces appear as 
pale lines in the skin, forming two seams on each side of the embryo 
and a triangle around each fore-leg, joined by two seams near together 
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across the ventral surface. The chin is still very thick, and the hard 
tip of the upper lip persists. The tail is leaf-like and of considerable 
size, though much smaller in proportion to the body than in previous 
stages. The earlier observers record that the tail disappears during the 
first day, or even within a few hours after hatching. The pigment of 
the embryo in stage XIV is much denser than in preceding stages, but 
is not arranged in the pattern characteristic of the adult. 

Stage XV differs externally from XIV in that the tail is reduced to a 
small thick knob. 

If Hylodes be compared in external appearance with most of the forms 
of the group to which it belongs, with Bana, for example, it is seen to 
differ from the outset and throughout the immature stages much more 
than in the adult stage. The egg differs not only because of its great 
size, but in the absence of pigment. When the embryo of Hylodes first 
appears, it is curved ventrally, like the embryo of a Ganoid, over the 
bulky yolk, and obviously never has a dorsal flexure. When it begins to 
show its true aflBnities, it resembles, in the shape of the head, in the 
prominence of the eyes and in the presence of all four extremities, the 
frog stage of Bana, rather than the larval tadpole. Only the holoblastic 
cleavage and presence of the tail betray its relation to thq larval form. 
In short, the usual Anuran metamorphosis is replaced in Hylodes by a 
direct development. The same fact is borne out by the internal characters. 

II. ORGANOGENY. 

The organogeny has been studied to some extent from dissections, but 
for the most part from sagittal and cross sections. In so-called " cross 
sections,^^ the embryo, on account of its curvature about the yolk, is not 
everywhere cut transversely; the preparations have purposely been cut 
in various planes through the lateral axis of the egg, in order to get 
transverse and horizontal sections of different parts. (The left side of 
the figure is in each case the right side of the embryo.) 

Owing to the large quantity of yolk in the younger embryos, it has 
been diflScult to prepare good series of sections. Eggs killed in Perenyi^s 
fluid are more readily saturated with paraflBn and cut better than those 
killed in picro-sulphuric acid or picric alcohol, but the most satisfactory 
preparations have been obtained from specimens preserved in a fixative 
containing picric acid and (after dehydration) left in cedar oil for about 
12 hours, in cedar oil and paraffin about 5 hours, and in paraffin ( at a 
melting point of 49** C.) about 8 hours. The sections can be cut of any 
thickness from 5/a upwards. They were stained on the slide, because it 
is difficult to orient the embryo in the microtome after surface staining. 
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Eggs that are well preserved in formalin, make fairly good sections and 
can be readily cut after two or three hours in paraffin. 

1. OsmiN OF Oroa^is. 

My material is insufficient to more than suggest a few points in regard 
to the origin of the organs. 

Sections of an egg of the stage of Fig. 5, showing the thick lips of the 
blastopore and the large yolk plug, and sections of a later stage, where the 
yolk plug is reduced and receding, are similar to sections of the corres- 
ponding stages of Rana. In sections of stage I (Fig. 6), the neural plate 
is solid, recalling the condition in Teleosts and bony Ganoids. 

The notochord appears in a few sections in the posterior region of an 
embryo of stage II as an evagination of the dorsal wall of the archenteron 
(Fig. A, n) and the same 
condition is indicated in 
younger eggs. Anterior to 
the section shown in Fig. 
A the entoderm is continu- 
ous over the arch enteric 
cavity, ventral to the noto- 
chord, but posterior to this 
section the entoderm does 
not appear to be continuous ventral to the notochord.' 

2. Digestive Tract. 

a. Alimentary Canal. — In stages midway between the first and last of 
the series, the chief organs derived from the archenteron are definitely 
established, and the alimentary tract is clearly divided in relation to the 
yolk-mass, into three regions, anterior, posterior and middle (see Fig. F). 

At an early stage, the broad low archenteric cavity is continuous from 
one end of the embryo to the other (stage II, Fig. Bl, ac). The floor 
of the cavity is the enormous yolk-mass, which is met abruptly at the 
sides by the thin roof of entodermie coils filled with yolk. 

In the same stage (IT, Fig. El), the mesoblast is beginning to separate 
into splanchnic and somatic layers; as the process continues and the 
ctelora (Fig. Bl, 3 be) increases, the lumen of the archenteron becomes 
narrower (Fig. B3, ac), and in the middle region it is completely oblit- 

' Cf. Buto lentlginoBUB. where the conditions are similar, except that one 
layer only 1b contributed by the chorda-entoderm to the notocbord tn the 
middle region at the embr.vo. — King, 03. 
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erated when the splanchnic layers of the two sides hare met and form 
the mesentery which suspends the now solid yolk-mass (Fig. B3, m). 
After stage V, the yolk-mass in this condition occupies the region of the 
embryo between the more differentiated anterior and posterior portions of 
the gut (Fig. F, stage A'l, cf. Fig. C, stage VIII). 



FlO. B. CnMgwotlODSDf thraegmim, toation thernteoftheaKiheiiterlccBVlty. 1, iU«e 
II (drawn to smaller acale tban S and 3); !, stage IV ; 8. stage VI. ac, arcbenterlc cavHr 
be, body cavity: da, dorsal aorta; ni. mesenWrj': ma, meaenterial artery j pcv. poaterlor 
oardlnal vela; pre. posterior vcoa cava; Wd, WolOan duot i y, yolk-DUU8. 

There are no intermediate stages between I and II to show the fate 
of the blastopore and the history of the anus. In the posterior region of 
an egg younger than stage I.before the notochord is formed, and in stages 

I and III, posterior to the notochord, there appears a dorsal evagination of 
the arehenteron, which suggests the neurenteric canal, though not actually 
traced into the neural tube in the stages in which it is hollow. In stage 

II the anus is formed, and in IV the differentiation 
of the hind-gut is in progress. The lateral walls of 
the posterior part of the broad low archenteric cavity 
covered by the splanchnic mesoderm fold under until 
they meet over the yolk-mass (Fig. Dl, 2, ac, g). 
The process of infolding appears to take place from 
behind forwards, forming a tube that opens posteriorly ^ 
by the anus, and anteriorly is continuous with the his'^i^^'tikf^^wa^ 
archenteric cavity of the middle region. Thus the ^7° ^boi^ibe"^- 
cloaca, the portion of the gut from the anus to the ^°.i^i.dX*Sn^?!S; 
opening of the Wolffian duets, is established, and ^g^ to^^t^S^'h^a- 
through all stages retains its lumen. «"'■ »'• voik-maas. 

As the cloaca is formed, the lumen of the arehenteron is being obliter- 
ated in the middle region, and in later stages, the cloaca leads to a rod 
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of yolk-cellB, usnally solid ' at every point except near the middle yolk- 
mass. The rod, little by little, from behind forwards, is separated from 
the central mass of yolk, and covered ventrally by the splanchnic meso- 
derm (Fig. E, F, g). A continuation of the mesentery which slings the 
yolk-mass in the middle region supports the anterior portions of the rod or 
gut (Figs. B3, El, m) ; but no mesentery is present dorsal to the cloaca. 
The posterior gut at stage VII 
has been separated from the yolk 
and completely surrounded by 
the mesentery as far forward as 
the level of the anterior limit of 
the hind legs. The gut up to 
this time lies in the median line. 
After stage VII, additions to the 
gut are still made from the dor- 
sal part of the yoUt-mass, but on 
the left of the median line (cf. 
Fra. D. Cross secUoHB of 8t««« IV, to show pip- f] },„) Aq tJip nrni-MU 
the (onnatlon of the posterior gut; (anterior ^ 'e- ^' "8^ ■*" "1^ process 
t« 2 (snd posterior to iSI. ac. arehenterlo oav- mips on thp trnf mvpunnrilv pn. 
itr:i)c.bodyoavity: ff,But; r.yoik-maBs. S^™ °"' ^''^ S^'' necchsaruy en- 

croaches upon the middle region. 
The first steps in the development of the anterior end of the digestive 



Fio. E. Cross Bcctlooaof stage VI, to show the connection between the postorlurButaod 
the yolk. I lo» from before backwards ([Josterior to Fig. IB), be. body ciLvUy: ct, ctoaoa; 
da. dorsal aort*: k. gut; m, mesentery; ma, mesenterial artery: pve, posterior vena cava; 
Wd. V oltHan duct; y, yolk-mass. 

tract are not apparent in my series. In stage II the anterior portion of 

' I have seen sections o(' tbe tadpole of Rana, in which the archenteron at 
on early stage la closed lor a short dlataDce. 
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the archenteric cavity is very large. In III the mouth cavity and the 
pharynx are already formed; posterior to the phar)Tix the walls of the 
arcbenteroQ, covered by Bplanchnopleure, are folding under from the aides. 
Thus the (esophagus is formed, and in stage III is ventrally entirely sep- 
arated from the yolk-mass (cf. stage V, Fig. G3), but leads posteriorly 
into the archenteric cavity of the middle region. After stage V, the 
cesophagas being full of yolk, is for a time neariy solid (stages VI and 
VII), after the mesentery is first completed. The distinction between 



FiQ. F. SaglttHl section of nage VI. ao. Hortai nu. auricle: cl, cloaca: da. dorsal aorta 
KiKut; Bb, gall bladder: I, Itveri ma. mesenterial artery ; no. oesophaKUs: pb. pbarym 
pvc, poBterlor vena cava; riu, rudiment of lung; r'p. lit rudlojent of pancreas; sv, sinus 
venoaus; vv. vitelline vein; ffd, Wolmau duct: y, yolk-masa. 

stomach and intestine is not apparent, except that the lumen is greater in 
the definitive stomach; the intestinal part, near its connection with the 
yolk-mass in thrown into a loop (Fig. H8, g). 

Liver. — In stage III, when the lateral walls of the archenteron are fold- 
ing under to form the gut, the archenteron is extended into a diver- 
ticulum, from a portion of which the liver is subsequently formed. 
Owing to the large amount of yolk in the egg, the yolk-mass projects be- 
yond the head of the embryo, and so it happens that the diverticulum ex- 
tends from the gut portion of the archenteron in an anterior as well as a 
ventral direction, following the curve of the yolk (see Fig. I). In stage 
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IV, folds are formed in the anterior or more strictly speaking dorsal wall 
of the diverticulum, in that portion of the diverticulum which lies nearest 
to the archenteron and immediately posterior to the heart. The liver 
develops from the folds and the lumen of the more anterior part of the 
diverticulum becomes obliterated. With the mesoderm covering the 
folds, blood-vessels are carried into the substance of the liver, and be- 
tween the two deepest folds runs a large vitelline vein, which leads directly 
into the posterior end of the heart (see horizontal section of stage IV, Fig. 
Gl, rl, vv). The heart through several stages, abulB against the anterior 



Fia.O. 1, borlzontal Bcctlonor stage IV; 2. cross st'Ctlon of stai? V. ao, aorta : gr. ITUt ; 
k1, glomus: hk, bead-kidney ; ne. Dephrostome: rl. rudiment of Uver; r'p, let rudiment ot 
panoreasi vv, vitelline vein : y, yolk-mass. 

end of the liver, and as the liver differentiates, the spaces filled with 
blood between the trabeculse, are in direct communication with the sinus 
vcnosus (Fig. F, 1 and sv). 

As the liver develops, it is surrounded by the splanchnopleure and is 
suspended from the dorsal wall of the body cavity; the portion of the 
gut from which the stomach develops lies to the left of the mesentery 
thus formed (Fig. H2, 3). The communication between the liver and 
gut is gradually reduced to a small opening (stage VII), the definitive 
bile-duct, which enters the gut close to its connection with the central 
yolk-ma.'w. As the gut is lengthened at the expense of the yolk-mass, the 
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iia. a. i;TOe» seotums of stage VIII, 1-8 from before bBokwanlB. bo, (wrto; be, bodr 
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yolk recedes from the region where the liver is established (cf. Fig. F 
with Figs. G and H 4-8). ■ The lengthened gut forms a loop posterior to 
the liver and joins the I'olk-mass on the right side. The bile-duct ia in- 
creased in lengtii and in stage VIII still opens into the gut near the point 
where the gut joins the yolk-mass (see Fig. H5, 6) ; since the gat haa 
lengthened, it seems that the entrance into it of the bile-duct has shifted 
toward the yolk. The gall-bladder appears about stage VI as a diver- 
ticulum from the ventral wail of the bile-duct close to the liver {Fig. F, 
gb.cf. Fig.H5). 
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Pancreas. — Thi' pancreas devolo(>s from throe rudiments. The first in 
time of appearance is pre:-cnt in stage IV as a diverticulum from the 
dorsal wall of the gut (Fig- Gl. I, r' p). Anteriorly this rudiment ends 
in a solid mass of cells containing niiich yolk, and entirely separated from 
the gut. The connection between the gut and this rudiment is already 
lost in the next stage. 

Early in stage VI, a second rudiment appears as a diverticulum from 
the dorsal wall of the definitive bile-duet nearer to the gut than to the 
liver (cf. a later stage Figs. Ilti. 7. r"p). The third rudiment arises later, 
in the same region a.'; the second, but from the ventral wall of the duct (cf. 
Fig. HG, 1, t'" p). The connection with the definitive bile-duct is re- 
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tained where the second and third rudiments originate. No trace re- 
mains of the place of evagination of the first rudiment from the gut itself. 

Mouth. — The stomodseum is from its first appearance (after stage FV) 
slit-shaped, and lies well under the ventral surface of the head (cf. Fig. 
15, Plate II). A free passage from the stomodseum into the mouth 
cavity is not established until stage X, 

A noteworthy fact in the development of the mouth is the entire ab- 
sence of homy jaws, and teeth, and of fringed lips. The hardened tip of 
the upper lip which develops late in embryonic life will be described in 
another place : it has not the characteristics of a tadpole tooth. It may 
be here noted that an adhesive gland is also wanting. The tongue is 
first found in stage YII. 

Visceral Poucliss. — ^The visceral pouches first appear in the series in 
stage III. It has been noted that, in surface view, there are four ecto- 
dermic depressions. In section, it is found that the hyo-mandibular pouch 
is a deep diverticulum from the wall of the 
pharynx and that its entodermic lining in many 
cases lies in contact with the outside ectoderm ; 
the first branchial pouch is in almost the same 
condition, but not in actual contact with the 
ectoderm ; the second branchial pouch is merely 
a shallow diverticulum, and the third barely be- 
gun. In stage IV (Fig. J), the same conditions 
exist, except that the third branchial pouch has 

become deeper. After stage IV the pouches thmS/b ?h?^"r^n^''2? 
are gradually reduced, and before VIII have E?g.^^.|,°,.'i'^|,?;„JS,i 
almost disappeared. gSuch.' '"°' '"'''°»"'"'""" 

Not one of these pouches in any preparation 
can be demonstrated to open to Uie outside, ^^^ ■ 

hence the evidence as far as it goes shows that ^^^riu, 

no true giU-elits are formed in the embryo of p,„_ ^ ^^ ^^^^ „, 
Hylodes. Before this conclusion can be placed SeDt^i?i'?Eii " MaS v" 
entirely beyond doubt, it is necessary that a more ^n^^iunf"'" ''"' "'^'" 
complete series of embryos be examined. 

The statements of earlier writers in regard to the gills have been 
entirely confirmed. Not a trace of either external or internal gills can 
be found in any of the embryos. It will be shown later that the circula- 
tion in the gill arches is extremely simple. 

(Esophagus and Lungs. — The Inngs are derived from a single rudim^it 
which arises in stage V by a constriction of the ventral portion of the 
cesophagos from the dorsEd (Fig. K). As the rudiment becomes more 
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completely separated from the gut, the cesophagua ia flattened dorso-ven- 
trally, and losea its lumen (Fig. L). The solid portion of the oesophagus 
extends for a little distance anterior and posterior to its union with the 
lungs (Figs. LI, 2 and HI, <8, rlu). The lung rudiment lengthens and 
becomes paired posteriorly. 

The foregoing description shows that by the time stage VIII is reached, 
the principal adult organs derived from the archenteron are well differ- 



Fio. L. Cribs sections oCitan VIII. 1 anterior to S (both anterior to Fig. HI), acv, an- 
terior cardinal vein; ao, aiirta; au, auricle; Cv. Cuverlan vein; hk, head-kidney; oe, 
oeaapbagus: rlu, rudiment of lung; scv, subclavian vein; ta. truncus artcrioaus; v. ven- 
tricle; y, yolk-masa. 

entiated. The liver, after stage VIII, becomes more compact; it is leas 
intimately connected with the heart, and definite efferent hepatic vessels 
are formed. The gall-bladder increases in size and after stage X contains 
a clear, yellowish substance. The three rudiraenta of the pancreas be- 
come unified into a compact organ. The lungs increase in size, and soon 
after atage VIII hang freely in the body cavity, surrounded by the 
splauehnopleure. Their walU and the walls of the oasophagus are some- 
what pigmented after stage XII. The lungs, even as late as the time of 
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hatching, have attained no great size and are remarkably simple in 
structure. In sections of the late stages, and in adults preserved in alco- 
hol, they appear as hollow thin-walled sacs, not showing the trabecular 
structure of the lung of the common frog. In all sections of late embry- 
onic stages, the walls of the limgs are more or less wrinkled, so that 
in life they may have been capable of expansion to some extent ; in their 
present condition, however, they extend, at most, only slightly beyond the 
anterior limit of the liver. 

Diflferentiation of the alimentary canal, after stage VIII, is accompan- 
ied by the disappearance of yolk from its walls, and by the absorption of 
the large yolk-mass that still separates the anterior part of the intestine 
from the posterior (cf. Figs. Bl, and for the size of the yolk relative 
to the embryo). The yolk first disappears from the walls of the pharynx. 
In closed portions of the gut, the lumen as a rule reappears immediately 
upon absorption of the yolk, but the roof and floor of the broad low 
oesophagus remain pressed together, even after there is no yolk remaining 
in them, and the opening to the lungs is not re-established imtil after stage 
XII. The stomodffium is open into the entodermal buccal cavity at stage 
X (as already stated), so that after XII, there is free communication 
from the limgs to the outside. Posterior to the lungs, the walls of the 
oesophagus, after the reduction of the yolk in their cells (stage XII), 
become convoluted but no lumen exists until after hatching. The convo- 
lutions may be partly due to shrinkage in the preparations, although in 
an older specimen where food has entered the stomach, the walls remain 
distended after preservation ; this seems to indicate that the walls remain 
collapsed until food has passed through the gut. The stomach portion 
of the gut retains its lumen from the time of its formation. The intes- 
tinal portion continues to be lengthened after stage VII by additions 
from the yolk, has a small lumen, and becomes convoluted about stage 
XII. The walls of the posterior gut lose their yolk first in the cloaca, 
then in the portion near the yolk, and lastly between these parts. As in 
the anterior gut, the walls become convoluted in stage XII. The lumen 
near the middle yolk is enlarged in stage XII and extends through the 
gut for some distance posterior to the yolk. 

Since the posterior gut is constantly added to from one side (the left) 
of the yolk, and the anterior from the other side, it comes about that the 
two connections between gut and yolk pass each other, and a middle 
region between them does not exist after stage XII in the same sense as 
before. Still there remains a large amount of yolk, which after stage XI 
does not retain its solid condition (see Fig. M), and is no longer reduced 
by gradual contributions to the more differentiated parts of the gut. 
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In stages XI to XII, the interior of the yolk is split in various places, and 
the fissures contain a substance which stains deeply with carmine. The 
substance may be the product of cells that appear to be breaking down in 
the borders of the fissures. In the next stage (XIII), the fissures hare 
formed a continuous cavity that leads into the anteriorly and posteriorly 
differentiated gut, thus completing the lumen of the alimentary canal. In 
the meantime, the whole yolk becomes lobed, and large portions are con- 
tributed to the gut at once. This takes place with almost uniform r^u- 
larity ; the first lobe is formed in stage XII, and from that part of the 
yolk which immediately joins the anterior gut; the second is added from 
the yolk in connection with the posterior gut The amount of yolk is con- 



Fio. H. CroM kectlon of Rta^e XIV. uiv. anterior abdominal i-eln: da, dorsal aorta: e, 
dlfterentlat«d portion of entoderm: g. gut: k. kidney: Ib. lymph apaoea: pvo, poaterlor 
vena cava: r. reproductlveorgan: y, entodermlc cells lad^n wltb yolk. 

i^tantly reduced in the large lobes, and finally in stage XIY the yolk is 
found in only a small portion of the intestine (cf. Fig, M), 

A comparison of Figs, Bl, 2, 3, Fig. M, Pig. C and Figs. I, F, 0, will 
show briefly, in review, the main facts in the history of the yolk-mass 
and its relation to the embryo. 

There ia no coiled intestine aa in the vegetable feeding larva of Bana, 
but the yolk holds the same relation in the digestive tract as it does ia 
two other yolk-laden Amphibian eggs, those of Plethodon cinereus and 
Ichthyophis glutinosus (cf. Fig. B3 with Montgomery '01, Fig. 6 and 
Sarasin '87, Fig. 7, and cf. Fig. N with Sarasln '87, Pig. 8) . Very much 
the same relations appear from the descriptions to exist in Alytes obatet- 
ricans at one period, although in this form a coiled intestine is later 
developed. 
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Prom the earliest stages of the series, the entire yolk is divided into 
cells, which are larger in the center and smaller at the periphery (Pig. P) . 
The cell walls are sometimes not clear in poorly preserved eggs of early 
stages.* The cells are, in all stages, smallest in that part of the yolk where 
the anterior and posterior parts of the gut are forming. In later stages 
while the yolk is disappearing from the gut walls, it is lost also in the cells 
of the middle yolk-mass immediately beneath the mesentery and by the 
time the cavity of the alimentary canal is established in the central yolk- 
mass, the wall beneath the mesentery is differentiated into a layer of small 
cells that pass abruptly into huge yolk-laden cells several times their 
own size (Fig. M, g, e, y). 

The frog may feed before the yolk is entirely absorbed, for the stomach 
of a hatched frog contains green food, while part of the intestine is still 
loaded with yolk.* 

3. Heart and Blood- Vessels. 

The details in the development of the blood-vessels have not been 
worked out, but the chief events in their history have been determined. 

Heart, — The heart develops from the mesoderm ventral to the pharynx. 

In stage IV, it has arrived at the condition of a bent tube (Pig. I) with 
a slight constriction between the auricular and the ventricular parts. 
It undergoes the usual changes of further twisting, thickening of the 
ventricular walls, etc. The longitudinal septum in the truncus appears 
at about stage VII, but the septum between the auricles, which in the 
frog appears simultaneously with the septum of the truncus, is not 
found in Hylodes until stage IX ; it attains no great size until XI, after 
which it separates a very smaU left auricle from the right. The relatively 
late development of this septum may be correlated with the slow growth 
of the lungs and consequently of the pulmonary circulation (cf. p. 493). 

Veins. — Por a full understanding of the vitelline circulation, the ex- 
amination of living material is essential. Prom the preserved prepar- 
ations no constant arrangement of vessels on the yolk can be determined. 
In stage IV, the yolk is literally covered with great vessels, in which are 
large blood corpuscles filled with yolk granules; the vitelline blood is col- 
lected in a large vein, which passes through the liver, and constitutes in 
early stages the posterior end of the heart (Pig. Gl, w) . After stage VI, 

* It is stated that the yolk-mass of Desmognathus fusca and of Ichthyophis 
is at one period segmented only peripherally, and that in Plethoden cinereus 
also the boundaries of the yolk-cells disappear. 

*The embryo of a viviparous salamander will feed although yolk is still 
contained in the digestive tract. 
35 
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the vitelline vein comes from the right side of the yolk (where the liver, 
yolk and gut are connected), passes along the dorsal wall of the liver, 
and joins the posterior vena cava before it enters the heart. Lastly after 
about stage VIII, the vitelline vein (Fig. H7-4, w) is greatly reduced 
and no longer passes through the liver as a distinct vessel, but is lost in 
the tissues of the organ. 

The Cuverian veins, the anterior cardinals, and perhaps the posterior 
cardinals are present in stage IV (cf. Fig. N, with the following de- 
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Fio. N. Diagram of veins. 1, staere VIII. 3« sta^re XV. aa, anterior abdominal vein ; ao« 
anterior cardinal vein; avc, anterior vena oava; c, cutaneous vein; Cv« Cuverian vein; hk, 
head-kidney; hp, hepatic portal vein; ij, inferior Jugular vein; k, kidney; I, liver; mt, 
mesonephric tubule; pc, posterior cardinal vein; pvc, posterior vena cava; sc, subclavian 
vein ; sv, sinus venosus; vv, vitelline vein. 



scription). There is also, on each side of the yolk, an enormous cutan- 
eous vein, which lies in the somatopleure, hence not directly in contact 
with the yolk-mass, and passes beneath the forelegs into the Cuverian 
vein. It is so conspicuous from stages VI to IX, that it deserves especial 
mention as an embryonic vessel (see Fig. LI, 2, scv). From its position 
the cutaneous vein would seem to be the forerunner of the subclavian 
vein, but it has not been seen after stage XII. 

The posterior cardinals are evident after stage V. They diverge from 
a common trunk (2 sections posterior to Fig. H8), and passing an- 
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teriorly, bathe the bead-kidneys and empty into the Cuverian veins (Fig. 
H8-1, pev, ov). The posterior cardinals are remarkably conspicuous 
from atages VI to IX, and. persiat to stage XII, when only vestiges of 
them can be found posterior to the degenerated head-kidneys. 

The anterior cardinals (Fig. L, acv) also empty into the Cuverian 
veins. After the degeneration of the posterior cardinals, the Cuverian 
veins and anterior cardinals persist as the anterior venee cave. After 
stage VII, the inferior jugular veins from the ventral region of the 
neck enter the Cuverian veins with the cutaneous, and persist after the 
cutaneous veins have been reduced. In stage XV, they are present as 
s of the anterior venie cava. 



Fio. O. Sagittal section uf Blage XII idmwn to sam 
rlole: b, bladder; bd. bile duct: da. dorsal aorta j g, Rutj k. kidney; 
meaenterlal artery; oe, oeeopha^e; p. pancroas: pvc. poaterior 
renoBua ; U, truncus arteriosus ; v, ventricle ; vv, vitelline vein. 

The posterior vena cava appears at about stage VI, as a median vein, 
which passes along the dorsal wall of the liver, receives the vitelline vein, 
and empties into the sinus venosus (cf. Fig. H7-3). As the vitelline 
vein becomes less prominent the vena cava increases in importance, and 
takes its place as the posterior end of the sinus venosus. In later stages, 
as the heart becomes separated from the liver, the posterior vena cava 
is also separated from the liver (Fig. 0) and receives definite eiferent 
vessels from it. The posterior vena cava joins the right posterior cardinal 
(Fig. H6, 7, pvc, pcv) at a little distance anterior to the union of the 
two cardinals; and after the posterior cardinals disappear, continues to 
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hold the same course. As the posterior vena cava, where it joins* the 
heart, acquires greater importance than the vitelline veins, and replaces 
the posterior cardinals in the trunk, it becomes the principal vein posterior 
10 the heart. It receives numerous branches from WolflSan bodies, and is 
the vein of the very vascular tail. 

The hepatic portal vein cannot be distinguished before stage IX. The 
vitelline vein joins it at the liver, and is its most conspicuous branch 
until stage XII. 

The anterior abdominal vein has been first observed in stage XIII. It 
runs in the median line (cf. Fig. M, aav), from the posterior end of the 
embryo, along the ventral surface of what remains of the yolk, bends 
back around the anterior limit of the yolk, passes posterioriy for a 
short distance in the pericardium and enters the liver with the hepatic 
portal. The stages are wanting to determine whether the anterior ab- 
dominal has a paired origin, and whether when it first develops, it opens 
directly into the sinus venosus. In stages XIV and XV, when the 
yolk has gone from the region of the heari; and liver, the anterior ab- 
dominal passes directly from the ventral wall of the abdomen into the 
liver, making no loop anteriorly as in stage XIII. The vesical vein, a 
branch of the anterior abdominal from the bladder, is found in stage 
XIV. 

Arteries. — The dorsal aorta in stage IV is fully established; it is 
formed by the union of the aortic arches and extends to the posterior end 
of the embryo. It might fairly be expected that so large a quantity 
of yolk as the embryo possesses would be supplied by a fixed arterial 
system, but it has been impossible to trace any definite arteries to the yolk- 
mass at this stage. It can only be said that the infolding walls of the 
posterior gut are surrounded by blood corpuscles, and there is some evi- 
dence that a branch from the aorta connects with this region. 

In stage VI, a branch of some size passes from the aorta into the 
mesentery which slings the yolk of the middle region (Fig. F, B3, ma) ; 
thence it runs posteriorly along the rod of yolk, and posterior gut (Fig. E, 
ma), and probably gives off branches on either side, to the yolk. The 
vessel, reduced in size, persists in later stages as the coeliaco-mesenteric 
artery (Figs. 118, 0, ma). The point where it leaves the dorsal aorta is 
slightly posterior to the union of the two aortae, and in the region between 
the union of the posterior vena cava with the right and with the left pos- 
terior cardinal. The point of union with the left cardinal is, as it were, 
thrown back to admit of the passage in the mesentery' of this little branch 
of the aorta. The arterial svstem in the visceral arches has been worked 
out as far as possible in the present series ; but it is hoped, as in the case 
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of the visceral pouches, that the obaervatioiiB may be amplified by the 
study of more abundant material. The vessels of the arches are charac- 
terized by extreme simplicity. The first vessel to be completed is the 
aortic arch of the first branchial arch in stage IV ; very soon the vessel of 
the second arch is also complete. In the meantime incomplete vessela or 
lacun» are found in the mandibular and hyoid arches, but at no time is 
there a complete vessel from the truncus to the collecting aorta in any 
visceral arch save in the first and the second branchial. 

The pul mo-cutaneous vessel when first seen in the series, at about stage 
V to VI, branches near the truncus from the aorta of the second branchial 
arch. A study of fairly abundant material shows no indication of the 
origin of the pulmo-cutaneous from an artery of the fourth branchial arch, 
as in the frog. There is no representative of the vessel of the third bran- 
chial arch. 

The condition then in stage VI (Fig. P) is as follows: — The first bran- 
chial arch passes from the truncus into the collecting aorta, and is con- 
tinued anteriorly as the carotid. The aorta of the second branchial arch 
passes posteriorly as the systemic, meeting the corresponding vessel of the 
other side, posterior to where ea^h has supplied the glomus of the head- 
kidney. The collecting aorta is ca 
already somewhat reduced between 
the dorsal parts of the first two 
arches. Lacunte are still found in 
the mandibular and hyoid arches ; 
the vessel in the hyoid is con- 
nected with the ventral portion of 
the aorta of the first branchial, 
but the aorta is not complete in 
either mandibular or hvoid arch. 
Fmallv, at the pomt where the vi. ao,, ai^aorw of the ut and at thrSd 

I, , ' , -, , , . , , bnnchlal Hrt'h ; be. body cavity : ca, carotid 

nrst and second branchial arter- artery: da, sysMimlo aorta; hn. hcad-kldney; 
, , ncv. i>o8tcr<or eardlual vein: y. yolk-maas. 

les separate, a more posterior 

branch, the pulmo-cutaneous, is given off. 

In stages soon after VI, as the visceral arches are obscured, the collect- 
ing aorta between the carotid and systemic degenerates, and the embryonic 
arrangement of the aortic arches cannot be detected ; the carotid, sj'stemic 
and pulmo-cutaneous arise as three great branches from the truncus. 

Pulmonary circulation. — The study of the pumonary vessela has given 
mostly negative results. The cutaneous artery is an established vessel 
from stage VI on, but in the same section where it can be clearly traced, 
nothing can be seen of the pulmonary artery in specimens younger than 
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the stage of hatching. In a longitudinal section of stage XV, it appears 
as a branch of the cutaneous vessel. The pulmonary vein has not been 
seen with certainty in any stage. As other vessels are clearly seen in the 
preparation, it follows with great probability that the pulmonary vessels 
are very small or wanting in embryonic stages. It will be remembered 
that the lungs are small, and also that the left auricle is very small, and 
the septum between it and the right auricle is late in developing.* All 
the facts then in connection with the morphology of the organs for 
pulmonary respiration, go to show that the lungs are not of great func- 
tional importance in embryonic stages. 

Lymph sinuses. — Sub-dermal lymph sinuses appear about stage X as 
narrow spaces ; by stage XIII they are enlarged into enormous sacs that 
completely surround the animal (cf. Fig. M). They are separated by 
narrow partitions, the principal sinuses being a dorsal, a ventral, and 
lateral chambers. 

4. EXCRETORY AND REPRODUCTIVE ORGANS. 

The excretory system of Hylodes has been described by Selenka, 82, 
from a reconstruction of one stage (about VI, judging from the figure 
independently of the excretory system). He has added notes on a later 
stage (about XIII). Selenka concludes that the pronephros degenerates 
and the mesonepronephros appears early as compared with other amphibia, 
and he associates this condition with the absence of gills, a combination 
approaching the condition in Reptiles. A comparison of this sort requires 
further evidence from the study of the function of the organs. 

Field, 91, interprets Selenka^s figures and description as showing that 
the pronephros in the earlier stage appears already in a degenerate con- 
dition, the collecting trunk being extended into irregular blind sacs 
instead of convoluted, and opening directly into the anterior end of the 
segmental duct. I have not made reconstructions of any stage, so that I 
cannot judge of the accuracy of Selenka's ^ figures of the model, but in 

* In some of the lungless salamanders the auricle is small, the septum 
between the auricles is incomplete, and the pulmonary vein is wanting. 

' The spinal cord in Salenka's cross section is in the shape of a cross, which 
does not appear in my sections. His "J," called in the explanation of the 
figure "Darm," is in the usual position of the heart, while the unlettered 
space in the shading above it might well be the gut and rudiment of lungs. 
Selenka mentions the lungs as present in the older embryo but wanting In 
this. We have seen that the lung diverticulum Is present even before VI. 
i have found the degenerate glomus and rudiments of the ciliated funnels In 
stages later than those in which Sielenka mentions them. 



LiKan V. Sampson 495 

section the tubules appear to be^ through several stages including Sd- 
enka's early stage, as regular as in sections of Bana. It would be of inter- 
est to determine the exact state of the organ from a series of models; 
but at present, I can only give a brief statement of the time of appear- 
ance and duration of the principal parts of the excretory system. 

The WolflSan ducts are found in stage II. While the archenteric 
cavity is still broad, their posterior ends are far apart, but when the gut 
has been differentiated from the archenteron, they meet in the median 
line, where they open into the gut. It has already been noted that from 
this point backward, the gut remains open as the cloaca. It seems to be 
the enlargement of the gut which Selenka calls the " allantois.^^ 

The tubules of the pronephros are already present in stage III in a 
simple form; in IV, they are much coiled, and before stage VI they 
form a compact organ. In stage III, the three ciliated funnels open into 
the peritoneal cavity (cf. Figs. G2, HI, 2, ne), the two anterior funnels 
close together. In XI, the tubules of the head-kidney are irregularly 
dilated; in XIII, the organ is reduced in size, and the tubules are solid 
in part. Vestiges of the ciliated funnels persist until XIV, when their 
number cannot be determined from the sections. In XV, the degenerate 
pronephros has almost entirely disappeared. The Wolffian duct remains 
connected with the head-kidney until stage XV, when only a vestige of 
it remains anterior to the Wolffian body. The glomus is present in stage 
IV (Figs. 61, 2, gl), and develops and degenerates at a nearly equal 
rate with the pronephros, except in later stages, when it is particu- 
larly large relatively to the size of the head-kidney. In stage XV a 
vestige of it still persists. 

About four or more mesonephric tubules are present in stage VI, and 
from that time they increase in number, size and complexity until they 
have become a compact mass (stage XV, cf. Figs. M, 0, k). 

The bladder appears at about stage X as a solid projection of the 
ventral wall of the cloaca. As it develops, it extends anteriorly, becomes 
hollow and distally bifid (from stage XI), and by stage XIV, it is a 
thin-walled cleft sac of considerable size (cf. Fig. 0, b). 

The genital ridges arise at about stage VII, and are well developed in 
stage XV (cf. Fig. M, r). At that time, there is no appearance of 
degeneration of the anterior portion into fat bodies, no differentiation 
into testes or ovaries, nor has the rudiment of the Miillerian duct been 
seen. 

6. TAIL. 

The tail of Hylodes calls for particular attention because of the xmusual 
condition of almost every feature of it. In a word, it constitutes not a 
muscular organ for locomotion but a vascular organ for breathing. 
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The notochord is the axis of the tail ; the flat surfaces are morpholog- 
ically the right and left sides. Thus the vascular lamellae of the tail are 
in the position of the dorsal and ventral fins of the tadpole. To which- 
ever side the tail is turned in the egg the part which lies cephalward from 
the notochord is dorsal, and the part on the opposite side of the noto- 
chord is ventral. These relations are clearly established by the relative 

positions of the notochord, spinal cord, and dorsal aorta 
(Fig. Q) . While the tail after stage IV becomes broader 
and thinner,'as described from the surface view, the con- 
nective tissue becomes spongy, and through its meshes is 
a network of capillary blood-vessels. The ventral part 
is more richly supplied with blood-vessels than the dor- 
sal, a condition perhaps correlated with the fact that it 
contains the dorsal aorta which carries the main supply 
Fio. Q. Cross of blood. The aorta extends with the notochord nearly 

section of the -^ 

^\\t ^B i?.*"^i^ to the end of the tail ; no main efferent vessel runs for 

VIII. bv, blood- ' 

8tU***aorte''^m" ^^^ distance through the tail, but the blood is collected 
muscle: n, noto- jn the posterior vena cava near the union of the tail 

chord; sc, spinal ^ 

<^«"d. with the body. 

At the base of the tail the diameter of the notochord from stages VI to 
XII far exceeds ifcs diameter in the body of the embryo. In the tail itself 
the notochord diminishes, in size toward its distal end. The diameter 
of the spinal chord is greatly reduced as compared with its size in the 
body, especially in late stages. Surrounding the notochord is a layer of 
muscle that is connected with the muscles of the body and like them is 
segmented. No vertebrae are found in the tail. 

In stage XIV the notochord, muscles and spinal cord have become 
reduced, and the tail is more solid but still very vascular; in stage XV 
when the tail is almost entirely absorbed the tissue is compact. 

6. DERMAL FOLD. 

The fold of skin, which in several embryonic stages partially covers the 
arms, will be described in more detail. The anterior leg lies in a space 
which is the angle between the head of the embryo and the yolk (see 
figure). Across this space stretches the dermal fold whose free anterior 
edge reaches from the head to the side of the yolk. The fold is composed 
of two layers of ectoderm separated by mesoderm. The folds of the two 
sides are entirely independent of one another. The fold differs from the 
operculum of the tadpole, in that it is continuous with the epidermis of 
the body posteriorly, and its free edge is directed anteriorly. But the 
anterior legs of Hylodes, for some time after their first appearance, are 
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directed anteriorly from the body because of the large amount of yolk at 
the sides of the embryo ; hence the dermal fold resembles an early stage 
of the operculum of the tadpole in its morphological relation to the anter- 
ior leg. 

The entire separateness of the dermal folds of the two sides recalls the 
condition of the operculum in the two representatives' of the Aglossa, 
Dactylethra and Pipa, where the operculum opens on both sides. In these 
two forms, however, the anterior legs are not covered by the operculum. 

It is not evident from the points of difference and of resemblance be- 
tween the dermal fold of Hylodes and the operculum of the tadpole 
whether or not the two structures are homologous. 

BEAK. 

The black tip on the upper lip is seen at late stages in external views 
(Plate II). It is triangular in sagittal sections (Fig. 0), appearing in 
sections at about stage X. The beak does not surmount a column of epi- 
thelial cells like the teeth and edge of the jaw of the tadpole. It attains 
its greatest size in the last stage within the egg, and whether by accident 
or normally, the tip is sharp in stages XI, XII and XIII, and blunt in the 
hatched tadpole. The facts suggest that its function is to rupture the 
egg membrane (cf. Bana opisthodon). 

SENSE ORGANS. 

I have not attempted to make a study of the sense organs, but observe 
that they arise in very eariy stages as in the tadpole. 

The auditory vesicles are already seen in stage II. In the same stage, 
the optic vesicles are in the condition of diverticula from the brain ; their 
connection with the brain is reduced in the next stages, and in III the 
lenses are being formed. Thickenings of the epidermis, the rudiments of 
the anterior nares are present in stage III, and the hollow diverticula, 
reaching anterioriy from the pharynx, are, to all appearances, the begin- 
nings of the posterior nares. 

7. COMPARISON WITH OTHER FORMS. 

In immature stages of Amphibia, there are various kinds of adaptations 
to different surroundings. In each of the three living orders, there are 
exceptions to the rule that the Amphibia develop from eggs laid in water 
and pass through a free-swimming stage. Among the Urodeles are the 
viviparous Salamandra atra, also Salamandra maculosa, and the forms 
with terrestrial eggs (some species of Amphiuma, Plethodon cenereus 
Antodax lugubris, Desmognathus fusca) ; among the Gymnophiona 
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are Typhlonectes compressieauda, and Dermophis thomensis, two 
viviparous species, Hypogeophis, in which the eggs are terrestrial and 
the larval life is completed within the egg-membranes, and Ichthy- 
ophis glutmosus, with early stages out of the water; and among the Anura 
are a number of forms recently enumerated by several writers.* 

The facts as far as they are known in regard to the development of 
the exceptional forms point to the interpretation that they are descended 
from forms which originally had aquatic larvae. 

It is to be noted that among Anura, there are no known cases of inter- 
nal fertilization and viviparity.* 

It seems clear, from what has been described of the habitats, that a 
form with a free-swimming larva would not survive in some at least of the 
regions where the animals are found. Salamandra atra lives in high 
Alps, where the water runs swiftly. Hylodes and Bana, opisthodon also 
live where there are no pools. In the latter cases, the larva "and adult 
no longer inhabit two different environments, but the embryo has become 
adapted to the environment of the adult of the original form. 

There are other ways in which the diflBculties of insuflScient water are 
met. Development may be hurried through (in L3rthodytes latrans) in a 
rain pool, where the supply of water is uncertain, or the tadpoles may 
be provided for in such a way as to survive a drought, as in Cystignathus 
mystaceus. In such a case as that of Pipa, in which the eggs are carried 
on the back, while the parent stays in the water, the advantage of the 
habit is not obvious at present. 

The various adaptations involve in different degrees not only the 
larvae but often the instincts and certain structures of tlie parents (as 
when pouches are developed). 

Whatever the cause or origin of the adaptations may be, it is found 
that, with a few exceptions, the larvas or embryos of all the forms still 
retain some of the organs characteristic of the free-swimming larva. 
These organs are not, however, always used in the same way, or even 
for the same purpose as in the aquatic larva. In some cases (and among 
them Hylodes) all the larval organs are not present, and furthermore 
some new organs which are not found in the larva occur in the embryonic 
forms. 

The most patent differences in the requirements of the aquatic larva 
and of the terrestrial or viviparous embryo concern nutrition and respira- 
tion. In the embryonic form there is the necessity for a special food 

•Brandes and Schoenichen, oi. WIedersheim, oo. Sampson, oo. 
• In Plpa, fertilization takes place perhaps in the oviduct, which Is curiously 
protruded over the back of the female when the eggs are laid. 
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supply and for organs of respiration adapted to a meditim other than 
water. 

In the viviparous salamander, the larva imbibes the fluid within the 
uterus in which it swims. In terrestrial forms of each order, the food 
supply is given to the embryo in the enormous mass of yolk in the egg. 
In spite of the large size of the egg, the type of cleavage in Hylodes is 
holoblastic as in other Anura. The yolk-laden eggs of other forms have 
scarcely been studied. The holoblastic type has been found to occur in 
Alytes and in Desmognathus fusca (both formerly supposed to have 
meroblastic eggs). 

As would be expected, the number of the eggs is comparatively small 
in forms where the eggs are excessively large. The absence of pigment 
is another peculiarity that has been noted in many cases where the eggs 
are concealed, either carried by the parent or laid in sheltered situations. 
The following table summarizes the observations, so far as they have 
been made : 





Color of Eggs. 


Deposition of Eggs. 


Number 
of Eggs. 


Size of Eggs. 


Nototrema 




Dorsal poiich 9- 


200 


«* Smaller 


Diarsopiatum. 








tban a pea.** 


Nototrema 


Not pigmented. 


Dorsal poncb 9* 


15-80 


1 cm. 


oYiferam. 










Nototrema fissipes. 




Dorsal poncb 9 • 


16 


10 mm. 


Nototrema 




Dorsal poncb 9 • 


4-7 




pygmaeum. 










Pipa Americana. 




Back of 9 in tbe 
water. 


100 




Rhinoderma 




Oular poncb ^. 


10 




darwinii. 










Rhacophorus 




On abdomen 9 • 


21 




retlculatus. 










Hyla goeldii. 


Not pigmented. 


Back of 9. 


10-26 


4 mm. 


Hylodes 


Not pigmented. 


Under stones, etc. 


30 


3-4 mm. 


martinicensis. 










Pbyllomedusa 




On trees. 


200 


2 mm. 


jberingil. 










Alytes 


Not pigmented. 


Round legs of (^. 


lS-64 


8)^-5 mm. 


obstetricans. 










Cystignatbus 


Not pigmented. 


Nest under stones, 






mystaceus. 




etc. 






Rbacopborus 


Not pigmented. 


Nest in tbe side of 




1 mm. 


scblegeUi. 




a bank. 






Polypedates 


Not pigmented. 


Sides of cisterns, 






macnlatns. 




etc. 






Paludicola 


Not pigmented. i<^ 


Floating in small 




1 mm. 


fnscomaculata. 




pool. 







^**A case of unpigmented eggs laid in small pools; these eggs are not long 
exposed, for they hatch eighteen to twenty-four hours after the beginning 
of segmentation. 
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The development of the digestive tract has heretofore scarcely been 
touched upon in the descriptions of the yolk-laden eggs. We have seen 
a close similarity in the history of the yolk-mass in Hylodes and in the 
few forms already studied, and the absence in Hylodes of a coUed 
intestine. 

In the embr}*o of Hylodes, fed by the yolk in the egg ; of Rhinoderma 
darwinii, developed in thegular sac of the male; of Pipa americana, on 
the back of the female; of Nototrema oviferum, in the dorsal pouch of 
the female, no homy teeth or jaws have been found. (The presence or 
absence of teeth is not recorded in the case of other protected embryos.) 
It is also to be noted that no adhesive gland is ifound in Hylodes. 

Passing now to the organs of respiration, we find that different parts 
of the body serve for breathing in different forms, and that there is great 
diversity in the number and form of the gills, where present. 

In the viviparous salamander, the gills are finely feathered, and serve 
for breathing in the fluid of the uterus. Larvae put into water do not 
continue to use their gills unaltered; the gills either undergo certain 
changes or are lost, and new gills or other organs develop. In Al\i«s, 
the eggs are carried for a time on the hind legs of the male, and the 
external gills are represented by one long branched pair. In Pipa 
americana, in which the eggs are carried in water by the parent, 
three pair of external gills develop, but these are lost early and 
the internal gills appear. In Nototrema oviferum, in which the eggs 
are carried in the dorsal pouch, one pair of bell-shaped gills occur, which 
seem to represent two fused gills on each side. They are present before 
the tadpole leaves the maternal pouch, and also for a short time after- 
wards. A gill rudiment on the third arch may represent the internal 
gills, but no others are present. In Xototrema marsupiatum, it is said 
that there is no trace of external gills in the embryo when it leaves the 
parent's pouch. Finally, the gills are entirely wanting in Hyla goldii, 
whose eggs are carried on the back of the female; in Rana opisthodon, 
\shose eggs are found in crevices of rocks; in Rhinoderma darwinii, 
whose embryos are contained in the gular pouch of the male; and in 
Hylodes martinicensis, whose eggs develop on land. In Hylodes even 
the gill-slits are probably wanting. 

Respiration is carried on by some other means, which in some of these 
cases has not been recorded. In Hylodes we have seen that the tail is 
adapted to this function, i. e., the new function of breathing in air has 
been assumed by an ancestral larval organ no longer useful in the 
original way. In Rana opisthodon, the tail is not present in advanced 
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embryos, and numerous folds on the sides of the embryo probably fimc- 
tion as respiratory organs." 

In other forms besides Hylodes, the tail differs from the swimming- 
tail of the tadpole. In Nototrema marsupiatum it is said to be vascular ; 
in the tadpoles of Hyla abbreviatus, which slip about (even before their 
legs appear) on moist perpendicular rocks, the ventral fin is flattened, 
and seems to serve as a sucker ; in Ehinoderma dam'inii the tail is small 
and weak. In Hypogeophis and in Autodax, the fin is wanting. 

Lastly, in Hylodes and in Rana opisthodon the little median horny tip 
in the upper lip is found in a late embr}'onic stage, and is used in the 
latter, at least to rupture the membranes in which the embryo is so long 
encased. 

In conclusion, we find that the Amphibia are a plastic group, and 
among Anura especially there are patent examples of the adaptation of 
the larval stages to new external conditions, while the original plan of 
structure of the adults has remained unchanged. There are also other 
forms known in which, although the adults are very similar, the embryos 
have different modes of development. In such cases we must suppose 
that the embryos have diverged in their development while the end-result 
of their development, namely, th6 adult form, has remained virtually 
unchanged. For example, there are two species of Peripatus very simi- 
lar in adult stages, but which arrive at the adult form through dissimilar 
embryonic stages. There are also various species of Alpheus and of 
Palaemonetes that have very similar adults, but whose embryonic meta- 
morphosis differs according to the degree of abbreviation of the develop- 
ment of the different species. 

Furthermore as Wilson has pointed out in this connection, it has been 
shown in the Ascidians that the same adult form may be produced by 
methods as different as budding and development from the egg. Finally, 
it is well established that in certain animals mutilation, or even removal 
of parts of the egg, does not prevent the development of a normal embryo. 

SUMMARY. 

Comparing the development of Hylodes with the development of frogs 
having a tadpole stage, the following points of resemblance and of differ- 
ence are apparent: 

" We find not only In embryos but also in adult amphibia, great ^ilversity 
in breathing; respiration may be carried on by the mouth, the skin and 
even, according to Ritter and Miller, by vascular toes in Antodax, Plethodon 
and Brachoceps. 
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Resemblances. 

1. Holoblastic segmentation. 

2. The mode of formation -of the blastopore, the presence of the yolk 
plug, and its later withdrawal. 

3. The mode of development of the liver, pancreas and lungs. 

4. Development of the pronephros (with its three funnels) of the 
WolflBan duct, and of the mesonephros. 

5. The presence of a tail. 

Differences, 

1. A solid medullary plate. 

2. In the alimentary canal : 

(a) Absence of homy jaws and teeth. 

(b) Probable absence of perforated gill-slits. 

(c) Absence of external and internal gills. 

(d) Absence of coiled intestine. 

(e) Extensive closure of the middle region of the archenteron. 

3. Simplification of the circulation in the gill region. 

4. Early and simultaneous appearance of all four legs. 

5. Incomplete development of the lungs and of the pulmonary circu- 
lation at the time of hatching as compared with the tadpole when it 
leaves the water. 

6. Forelegs are never completely enclosed by an operculum. 

7. Changes in the tail from an organ of locomotion to one of res- 
piration. 

8. Presence of a hardened tip on the upper lip. 

9. Absence of adhesive glands. 

On the assumption that Hylodes has had an ancestor in which a tad- 
pole stage existed, the development has been altered by losses, by addi- 
tions, and by changes in organs already present. The structures that 
have been lost are : the horny jaws and teeth, adhesive glands, the perfor- 
ated gill-slits, the external and internal gills, the coiled intestine, and 
certain blood-vessels of the gill region and of the limgs. There have been 
added the hard tip of the upper lip, and the early development of the legs. 
The tail has changed from a muscular to a vascular organ. 

Gebmantown, Pa., U. S. A., February, 1904. 
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EXPLANATION OF PLATES. 

The figures are taken from camera drawings. The embryos are magnified 
in Figs. 1 to 10, inclusive, about thirteen and a half diameters, in Figs. 11 
to 14, inclusive, a little more than thirteen and a half diameters, and in Fig. 
15 about twenty-eight diameters. 

PLATE I. 
Two-celled stage. Upper pole showing the beginning of the second 

Two-celled stage. Lower pole. 
Later stage of segmentation. Upper pole. 
Same egg as in Fig. 3. Lower pole. 
Stage showing blastopore. 

Stage I. Young embryo with the blastopore almost closed. 
Stage II. Posterior end of the embryo, showing the anus. 
Stage IV. Head end. 
Same embryo as in Fig. 8. Tail end. 
Stage VI. 

PLATE II. 

Stage IX, as eeen from the side. 

Stage XII. 

Stage XIII. 

Stage XIV. * 

Stage VIII. Anterior end of the embryo, as se'bn from the ventral 
side, when out off the yolk. Y, point where the yolk has been cut away from 
the gut. 
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The ReMiiion Between Normal ami Abnormal Developr 

ment of the Embryo of the Frog (lit), as Determiiieil 

by Some Abnormal Forms of Development. 



By 
T. H. Morgan. 



With Plates XXXI and XXXH 



Elngegangen am 25. Aprfl 1904. 

The following observations and experiments were made for the 
most part daring the spring of 1903. Although the different points 
taken np under each heading are not closely connected, yet they all 
have a direct bearing on the general problem included in the title 
of the paper, which is the third of the series dealing with these 
questions. The eggs were in all cases those of Bana pdtuslris. 

Abnormal and Irregular Forms of Cleavage. 

Several observers have already described cases in which the first 
cleavage of the frog's egg divides the egg into unequal parts. I wish 
to record here two extreme cases of this sort in which the relation 
of the first cleavage to the gray area was noted. The e^s were 
also isolated and found to give rise to normal embryos. 

In the first case, Fig. 1, the first furrow extended from the top 
of the black hemisphere over towards the region of the gray area. 
The first two cells were, in consequence, very unequal in size; the 
smaller being almost entirely black, but containing at its lower end 
a little of the gray area. When next examined the egg was in the 
eight-cell stage, and had four small black cells and four large black 
and white cells, Fig. 2. There can be little doubt that the two cells, 
first formed, had divided twice each time into nearly equal parts. 
The dorsal lip of the blastopore appeared later on the gray side of 
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the egg. It is clear, therefore, that the first farrow and the dorsal 
lip did not coincide in position, as is the rule for the normal egg, 
nevertheless a normal embryo developed. 

Another egg, Fig. 3, did not divide quite so unequally. The 
second furrow came in at right angles to the first. The third furrows 
divided the small cells into unequal parts. Figs. 4, while the two 
large cells had began to divide, when the observation was made, 
by nearly vertical furrows. Fig. 6. A normal embryo developed 
here also. 

These two cases support the conclusion, first expressed by 
PflOger, that the cleavage-form, as such, does not determine the po- 
sition of the embryo on the egg. In the light of more recent results 
in experimental embryology it is becoming more evident that the 
distribution of the protoplasm is the factor that determines the po- 
sition of the embryo on the egg and not the position of the planes 
of division. It is true that the cleavage planes often follow the 
lines of separation between the different protoplasmic areas, and 
hence appear at times to separate the egg into its constituent parts, 
but it has been found that the position of the cleavage planes can 
be shifted and the embryo may still follow the protoplasmic fields, 
rather than the position of the cleavage planes. It is, in fact, more 
probable that the position of the protoplasmic areas (by directing the 
spindle) influence the position of the planes of cleavage than that 
the planes of cleavage determine the location of the material of the 
embryo. This point will be further discussed below. 

Two other unusual forms of cleavage were found in another 
bunch of eggs. The first of these is shown in Fig. 6, and in side 
view in Fig. 7. One cleavage furrow, 1-1, divides the egg into equal 
parts. This I shall arbitrarily call the first farrow. Another furrow, 
2-2 (arbitrarily called the second here), starts above in the black 
hemisphere, but very much to one side. It does not extend down 
far into the egg. The two large black cell also show a plane of 
cleavage, 3 (called here the third furrow), which is nearly hori- 
zontal. It, also, does not extend far into the egg. Sections were 
made of this egg in order to see if the nuclei would give any clue 
as to what the peculiarities of the cleavage were due. A comet-like 
line of pigment extends from the cell-wall in the upper hemisphere 
into one of the blastomeres and probably represents the path of 
entrance of one spermatozoon at least. In each of the large blasto- 
meres, and in the region of the third cleavage, an elongated pigment 
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band indicates the diyision of a nucleus. In the small blastomeres on 
the crescent side of the egg there is a faint indication of a nucleus (?) 
in each. The most plausible explanation of this condition is, I think, 
that two spermatozoa have entered the egg and brought about its 
irregular division. In the other egg, Figs. 8 and 9, the first plane 
of cleavage, 1-1, is the only one that is completed. It divides the 
egg into nearly equal parts one of the halves containing all of the 
gray area. E^ch of the first two blastomeres appears to have two 
divisions in it, indicated by the letters 2-2, 2-2. Whether these 
appeared in succession, or whether, as seems to be the case, they 
appeared at the same time in each of the cells, can not now be 
determined. Sections of this egg show that nuclei (indicated by the 
balls of pigment) are present in all of the subdivisions of the egg. 
Near the top of the large blastomere there are two paths of pigment 
that appear to indicate that two spermatozoa have entered the egg. 
If this is the case the irregularities of the divisions are due here 
also to the presence of two spermatozoa in the egg. 

These two cases, in which the abnormal cleavage is probably 
due to polyspermy, are entirely different, therefore from the first 
two cases described above, and also different from the cases that 
have been recently described in a paper by Boring and myself^). 
Since the general questions connected with the variations in the 
cleavage that we described were not there discussed, I propose to give 
a further consideration to some of the results here. 

We found in about 8y% per cent of cases, that the first cleav- 
age plane came in at right angles to the median plane of the 
gray area, and therefore in the position of the second plane of the 
> normal* division. In eggs of this sort we found that the median 
plane of the embryo sometimes coincided with the first plane of cleav- 
age, and sometimes with the plane of symmetry of the gray area, 
and in other eggs it lay between the two. The explanation of this 
difference is probably as follows: — It appears that the gray area 
is produced in the interval of time between the fertilization of the 
egg and the first division. It is probably produced as shown by 
MoszKOWSKi by a rearrangement of the contents of the egg, — a 
streaming of the interior due to the action of gravity. When the 
first spindle is formed it becomes placed at right angles to what was 
the median plane of flow, so that the first plane of division will 



1) This Archiv. XVI. 1903. p. 682—690. 
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correspond approximately to ike median plane of symmetry, i. e., it 
will divide the gray area symmetrieaUy. The position that the 
sjundle has assumed at right angles to the plane of symmetry of the 
protoplasm is, I assume, brought about by the elongation of tiie 
as^spheres at right angles to the plane of symmetry. The flow of the 
protoplasm has probably come to an end in the normal egg before the 
elongation of the spindle occurs, so that the spindle takes the position 
just described without bektg influenoed directly by the movemeni 
If, however, after the gray area has been formed, or while it is form- 
ing, the eggs should be turned (due to the bundi as a whole shifting 
its axis) the flowing of the protoplasm may begin again, and may 
so affect tibe nucleus that is assumes a new position before division. 
Hence the first plane of cleavage may appear in a different meridian 
of the egg. 

From the usual position of tiie spindle in the normal egg it ap- 
pears that the spindle becomes placed in a position at right angles 
to the plane of symmetry of the protoplasm. The only assumption 
tiiat we can offer to account for this is that some sort of regulation 
exists in the egg that caus^ the asters at the poles of the spindle 
to elongate across the plane of symmetry, and this movement of the 
asters will cause the spindle to lie also across the symmetrical plane 
of the egg. On the other hand we have assumed that this regulation 
may be easily disturbed if streams are set up in the protoplasm at 
the time of or after the elongation of the spindle. That this is not 
an arbitrary assumption is shown by the experiments of PflOgeb 
and of Born on eggs turned into oblique or inverted positions. The 
flowing of the protoplasm that then occurs is known to carry tiie 
nncleus into a different part of the egg, and the position of the plane 
of division, that may come in while the protoplasm is still moving, 
shows that the position of the spindle is affected by the direction of 
the flow. It appears in some cases at least that this effect is such 
that the long axis of the spindle is in the direction of the axis of 
flow of the protoplasm. The spindle may be looked upon, under 
these conditions, as an elongated body floating in a more fluid sub- 
stance. Such a body will tend to become placed with its long axis 
in the direction of the stream. 

I believe we can profitably apply these suggestions to the type 
of eggs in which the first cleavage is at right angles to the plane of 
symmetry of the gray area. I interpret the position of the first plane 
of cleavage in these eggs as due to a secondary rotation of the proto- 
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plasm of the egg after the gray area has been formed. This rotation, 
as I have said, may suffice to carry the spindle into a new position; 
the rotation itself being dne to a change in the position of the egg, 
which the egg has failed to meet by rotating on its axis, as nsnally 
takes place when the eggs are tamed into a new position. 

Now the median plane of the embryo appears to be determined 
by the symmetrical distribution of the protoplasm. In these eggs, 
in which the first plane of cleavage comes in at right angles to the 
normal position, there will tend to be two planes of symmetry in the 
protoplasm, namely, the one first formed by the gray area, and the 
new one dne to the secondary rotation of the contents of the egg. 
Whichever of these two exerts the stronger influence will determine 
the median plane of symmetry of the embryo. In some cases it will 
be the first, in others the second, and in still others the median plane 
will come to lie between the two. Hence the median plane of these 
embryos should be expected to coincide sometimes with the median 
plane of the gray area, and sometimes with the first plane of cleavage 
(i. e., at right angles to the gray area), and at other times to lie be- 
tween the two. This is what we actually found to occur. Thus the 
same hypothesis that explains the shifting of the spindle and the 
abnormal position of the first plane of cleavage will account for the 
change that sometimes, but not always, takes place in the position 
of the median plane of the body without supposing that the two are 
related as cause and effect. The connection lies deeper, namely, 
in the secondary change in position of the protoplasm that carries 
the spindle into a new position on the one hand, and produces a 
new plane of symmetry on the others, the latter change having a 
greater or less influence on the position of the median plane of the 
embryo. 

It was also pointed out by Boring and myself that the third 
planes of cleavage are sometimes vertical instead of horizontal, and 
we found that this occurred most often on the side of the egg con- 
taining the gray area. In one bunch, in .particular, a large number 
of such cases occurred. The explanation of these facts is probably 
as follows. The bunches of eggs were brought into the laboratory 
sometimes soon after they had been laid and before the jelly had 
swollen to any great extent. The bunches were often placed in 
shallow dishes. Under these circumstances compression of the eggs 
would almost certainly take place from above downwards, and this 
would affect the position of the cleavage planes, as Born and Hbrtwig 
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have clearly shown. Furthennore the gray side of the egg is the 
side that is nearer the top of the egg than is any other part of the 
dark hemisphere, hence the vertical compression wonld be most likely 
to be shown on this side, and therefore the more frequent occurrence 
of the vertical cleavages in this region. 

PflOqer in 1883 concluded that the spindle in the compressed 
egg would take the position of least resistance. Hertwig later modi- 
fied this »rule« so that it read; — the spindle assumes the position 
of the greatest protoplasmic mass. Numerous exceptions have been 
found to this statement. In the case of the sea-urchins egg I pointed 
out ^) that this rule does not apply to the three-fold type of cleavage, 
and that in these the second planes of cleavage are clearly determined 
by a relation to preformed areas in the protoplasm. We are justified 
I believe in extending this conclusion to other, and perhaps to all 
cases, in the following sense. The position of the spindle itself is 
actually determined by movements of the protoplasm as admirably 
shown by Conklin's recent observations on the egg of Crepidtda, 
These movements of the protoplasm are in turn determined probably 
by the condition of the protoplasm in each cell as a result of which 
at certain times currents are set up, and it is these that carry the 
spindle into position. How far the basis of this arrangement depends 
on the structure of the protoplasm, and how far purely on a dif- 
ference in composition of diflFerent regions can not at present be 
determined. Both factors may enter into the problem. The diflfer- 
ential divisions of the protoplasm that so often occur may be 
caused by the flow of the material, and as a consequence deter- 
mine the position of the spindle. Thus there must be a finely ad- 
justed set of conditions in the protoplasm that regulate the position 
of the spindle and the consequent position of the cleavage planes, 
but this regulation may be little more than the outcome of physical 
and chemical forces in the widest sense of the terms. Any attempt 
to refer the position of all spindles to a single factor as PflOgeb 
and Hertwig have attempted to do, is almost certain to fail, for, 
in diflFerent cells the conditions that determine the direction of the 
flow of the substances that give direction to the spindle may be of 
very diflFerent kinds. 

1) This Archiv. 1895. IL p. 75. 
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Is Gravity Essential for the Formation of the Plane of Bilateral 

Symmetry in the Frog's Egg? 

I do not propose to consider here that side of this question that 
has been discussed by Roux and by Schultze, but only the recent 
experimental evidence, in regard to the action of gravity, brought 
forward by Kathariner ('02), Morgan (02) and Moszkowski ('02, '03). 
Furthermore I shall confine my discussion to certain questions raised 
by Moszkowski in his last paper, in which he brings forward certain 
evidence which he believes controverts the interpretation that Katha- 
riner and I have given to our results. It will not be difficult to 
show, I believe, that Moszkowski has failed to substantiate his 
claim. 

The evidence that Moszkowski brings forward to show that the 
experiments of BLathariner and myself are inconclusive is two-fold. 
In the first place he claims that in our experiment a centrifugal 
force has been substituted for that of gravity, and has been the factor 
that has determined the median plane of the embryo. Now this as- 
sumption implies that the eggs must have rotated for some little 
time in the same plane, and this may actually occur, Moszkowski 
claims, in bunches of frog's eggs rotating in a whirl of water. I do 
not question that this might happen, and presumeably did happen in 
MoszKOWSKi's experiments. Whether it did, or did not, in E^atha- 
biner's experiment, I will not pretent to say, but it seems to me 
improbable that so acute an observer could have overlooked so obvious 
an objection. In my own case I can state that I paid attention to 
this point and observed that the eggs did not rotate for any length 
of time in the same plane. The eggs of the toad are laid in strings, 
not in bunches as are the frog's ^gs. These strings were cut up 
into short pieces of varying lengths. The rotation of these strings 
in the whirl of water was irregular in the extreme, and resembled 
a mass of living reptiles crawling in and out of the mass so that 
the individual eggs were carried through most complex and ever 
changing revolutions. I closely watched individual eggs and saw 
that they were constantly changing the plane of rotation as they 
slowly revolved in the water. 

In the second place Moszkowski states that by turning on the 
water so that a strong current was produced he got abnormal de- 
velopment (protruding yolk for instance), which he says was due to 
eentrifugalizing the eggs. Now this is a question with which I am 
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especially £EuniIiar. Until Moszkowski states how many revolations 
his eggs made in a minute, and their distance from the center of 
revolution, it will not be possible to determine whether or not his 
results are in reality due to a centrifugal force. I may recall that 
I have found that the eggs of Bana palustris may be rotated at the 
rate of 140 revolutions per minute at a distance of from TVs to 19 V2 
inches from the axis of rotation without causing them to develop at 
all abnormally. It would be interesting to know if Moszkowski 
rotated his eggs as rapidly as this, and if he did, the rate is so 
enormously greater than that which I used for the toad^s eggs that 
it is quite inconceivable that the two results can in any way be 
compared. It is no less important to remember that this form of 
abnormality, which Moszkowski says is due to centrifugalizing the 
eggs, occurs whenever the yolk cells are injured in any way as I 
have shown a number of different times. Bough handling, or per- 
haps even irregular shaking, if sufficiently violent, might produce 
exactly the same result as a strong centrifagal force. Therefore 
while it is perfectly possible that Moszkowski's abnormal embryos 
may have been due to the centrifugal force, the fact that this is 
the case is not sufficiently shown by the evidence that he has 
given. 

To return to my own experiments with the toad's egg. That 
the results here were not due to the centrifugal force is shovm I 
believe first by the irregularity of the rotation (as stated above), 
second by the entire absence of the gray area, or of a similar ap- 
pearance on the eggs as they developed. Moszkowski overlooks the 
fact that I took a few eggs out at intervals and examined them for 
this very point Third that the development was normal in all re- 
spects and showed in no way that the eggs had been centrifugalized. 
The first and the second point suffice, however, to establish the con- 
clusion that I drew from the experiments. 

Finally it seems to me that while Moszkowski has brought for- 
ward strong evidence to show that gravity is the most important 
factor under normal conditions in determining the arrangement of the 
protoplasm and in locating, in consequence, the median plane of the 
embryo, — (a further analysis of this relation I have attempted to 
give in the preceeding section for certain abnormal cases), — yet it 
appears to me that he has arbitrarily assumed that gravity is the 
only factor that can produce this result in the frog's egg. In other 
eggs we have strong evidence to show that gravity plays no part 
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in the determination of the median plane of the embryo, and in these 
cases other factors mnst assume this function. 

Now while I am willing to admit that gravity may play an 
Important role in the frog's egg, it does not follow that, when the 
action of gravity is excluded, the egg may not have other means of 
determining the middle plane of the embryo. In fact, we do not 
have to look far to find other factors that might produce this result 
The entrance of the spermatozoon may, as claimed by Roux, be a 
factor, if in no other way than as the outcome of the apposition of 
the two pronuclei and the position assumed by the asters in the plane 
of apposition, which will give a plane of bilateral symmetry that 
coincides in position with the point of entrance of the spermatozoon. 
Whether or not Roux's experiment of localized fertilization really 
establishes the conclusion that he has drawn from it, is a point 
that future experiments must decide. 

The egg is at first attached to the wall of the ovary by one 
side, and it is not impossible that the point of attachment may, through 
a possible influence on the distribution of materials, produce a bi- 
lateral condition, or at least be an influence that may become a factor, 
if stronger influences are eliminated. 

For these, and for other reasons that I need not go into here, 
I still believe that the evidence in favour of the view that the toad's 
egg, and probably also the frog's egg, can develop normally when 
the action of gravity in one plane is removed (and is not replaced 
by a centrifugal force) is valid. 



The Effect of Killing One of the First Two Blastomeres 
Before the Cleavage is Completed. 

Koux's experiment of sticking one of the first two blastomeres 
has lead to so much controversy that it may not seem surperfluous 
to describe an experiment in which a variation of this method led 
to an unusually definite result. 

The question suggested itself: — what will occur if an egg is 
stuck at the time when the first furrow has just appeared? Will 
the division be stopped? If so and if at the same time one of the 
first two nuclei should be killed, or injured, there might result a 
whole egg containing the nucleus of only one of the first two blasto- 
meres. Under such circumstances the development of the egg might 
give some points of interest. As a matter of fact it was found, as 
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has been more folly deBcribed in my paper with lOss Toselle, that 
the first cleavage generally completes itself, so that Ae main pur- 
pose of the experiment can not be attained in this way. Indirectly, 
somewhat the same result is at times obtained by the breaking down 
of the cell-wall between the first two cells. If, however, the nodeiis 
of the injured cell is not killed, as is nearly always the ease, it may 
continue to divide and supply the ii^ured half of the egg with the 
nuclei around which cell-walls may subsequently be formed, and this 
half become added to that of the uninjured half. In one ^g, stuck 
at the time of appearence of die first furrow, the injury was so 
severe that the nucleus was seriously injured and failed to supply 
the injured half with nuclei. It divided very irregularly, and only 
a very few times, and the resulting nuclei remained near tike place 
of injury. They did not become the centers of cell-formation. It 
was also evident that the part that developed was less in volume 
than half of the egg, which was due, most probably, to the cell-wall 
between the blastomeres breaking down so diat the protoplasm of 
the lower part of the blastomere became continuous with that of the 
injured side, and failed to become supplied with nuclei in the later 
stages of development. Possibly in this case the cell-wall, between 
the first two blastomeres had not completed itself which would lead 
to practically the same conditions in the egg as though it had first 
formed and then broken down. 

A surface view of the egg, at the time when the embryo ap- 
peared, is shown in Fig. 16. A small »half-embryo< is present on 
the uninjured side along the line of union with the injured half The 
embryo appears to be somewhat less in size than a half-embryo, and 
this is due, no doubt, to loss of material from the uninjured side. 
The half medullary plate that is seen in the figure is somewhat 
broader at its anterior end where it is arched over to some extent 
by the yolk of the injured side. It is a point of interest to note 
that the medullary plate lies on that side of the egg that is opposite 
to the upper injured hemisphere of the other blastomere, which means 
that the embryo has formed over the yolk hemisphere of the egg. 
The egg was cut into cross-sections, three of which are shown in 
Figs. Oj H, I. The first of these is through the anterior end of the 
medullary plate. This appears (above in the figure) as a neariy 
bilaterally symmetrical structure, lacking a little on the inner side. 
In sections further forward, however, the medullaiy plate becomes 
quite bilaterally symmetrical. Beneath the medullary plate lies the 
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mesoderm, extending as a thick sheet over one side while on the 
other, although it extends over the middle line, it is much less de- 
veloped and does not continue downwards along the inner side at all. 
In the middle of the yolk the small opening of the archenteron is 
present The outer surface of the embryo is covered by ectoderm, 
which in this section extends on the inner side between the embryo 
and the injured half. 

The injured part of the egg, as shown in this same section, con- 
tains a few irregular and abnormal nuclei especially in the region 
near the point of injury. The protoplasm is much vacuolated and 
may be dead in some places. 

Passing along the series of sections towards the middle of the 
embryo, the ectoderm over the inner side is found to become thinner, 
and finally to come to an end over this side, as in Fig. H, The 
archenteron extends towards the inner side and opens out as shown 
in this figure. It is important to note that its roof is bounded by 
yolk-H^Us (endoderm), and that these are continuous near the opening 
with smaller cells, which are exactiy like the mesodermal cells that 
lie on their inner side. Further out, along the upper, inner wall, 
the small cells grade off into the ectoderm, which still further is 
thickened to form the half-medullary fold. The notochord lies on 
the left side (in the figure) of the medullary plate, and is nearly sur- 
rounded by mesoderm from which it appears to have been cut off. 
It lies in the region where the ectoderm and the mesoderm of the 
of the surface become continuous. The mesoderm extends over the 
entire right side of the section, and is differentiating below from ihe 
yolk-cells. 

Passing to sections farther posteriorly we find that the archen- 
teron extends much farther into the yolk, even more extensively in 
some of the sections than shown in Fig. J. The ectoderm of the 
medullary plate extends further over on the inner side, and finally 
(posterior to Fig. J) the medullary plate is nearly bilaterally sym- 
metrical again. In these posterior sections the notochord, as such, 
can not be found, because, no doubt, it becomes merged into the 
mesoderm in this region of the embryo. The surface ectoderm has 
apparently met with an obstacle on the lower side and its cells are 
heaped up there. The yolk cells on the inner side are looser than 
in the more anterior regions, and, here and there, seem to be im- 
bedded in the yolk that is continuous with that of the injured part; 
but the cells are always near, or are directiy continuous with, the 

AreUv f. EntwieUimgfmMl&anik. XVIII. 35 
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yolk-cells of the embryo, and there can be no doubt that their nuclei 
have originated in the aniqjared side. 

This series of sections is instmctiye in many ways, and I wish 
to point out here, as briefly as possible, some of the more interest- 
ing questions that are inyolved, in flie formation of an embryo of 
this kind. 

If an egg in which one of the first two blastomeres has been 
stuck is kept under obserration at the time when the dorsal lip of 
the blastopore first appears, (and the same is true for an egg stuck 
at the tim^ when the first furrow has just come in), it will be found 
that the dorsal lip deyelops as a small crescent on the side of the 
egg near the line between the injured and the uninjured halves. It 
then begins to extend around one side of the egg to form the lateral 
lip as shown in Figs. 13, 14, 15, and at the same time the dorsal 
lip advances backwards over the surface of the yolk. The lateral 
lip has begun meanwhile to roll over the yolk also, and the ventral 
lip, that has now appeared, extends forwards for a short distance. 
In other words the uninjured half follows the same method of de- 
velopment as half of the normal egg would do. The open side of 
the archenteron represents the edge of the lateral lip of the blasto- 
pore. 

The anterior end of the medullary plate of the frog-embryo is 
laid down in the undivided material in front of the first position of 
the dorsal lip of the blastopore, and hence on that part of the egg 
not involved in the blastoporic overgrowth. It has been noted that 
the medullary plate in this half-embryo, especially at its anterior 
end, is a whole structure of reduced size, and not a half This 
peculiarity of these half-embryos has also been noticed by Roux, 
but I think its importance has not been fully appreciated, for there 
is no evidence that it is due to an early postgeneration of the miss- 
ing (?) half. As far as I have been able to determine, the anterior 
end of the medullary plate is laid down at once as a whole struc- 
ture, and not as a half that completes itself on one side; hence I 
can see no advantage in calling the process one of postgeneration, 
since the half is no more postgenerated than is the whole embryo 
that develops from the isolated blastomere of the sea-urchin's egg. 
In both cases, no doubt, some change takes place, so that the middle 
fine becomes formed some distance from the inner edge, but this 
involves, I think, a diflFerent conception of the process from that 
which supposes the half of the whole structure is first laid down, 
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and new cells are then thrown across, as it were, to the other side 
to duplicate the half-stmctnre that was first formed. It is this latter 
process, to which Roux applies the term postgeneration. My own 
idea of what takes place involyes the assumption of axial readjust- 
ment of material that is so little predisposed in one direction (half- 
structure) that its relations may be readjusted in response to the form 
of the developing part. 

In the middle regions of this embryo the medullary plate is a 
half-structure, or at most a little more than half. The notochord, al- 
though rounded and appearing therefore as a smaller, whole structure, 
lies on the inner side of the medullary plate, and is, therefore, in 
the position of a half-structure. It lies just beneath the surface, and 
is, in part, surrounded by mesoderm. The surface cells over the 
notochord show a gradation between the ecto- and mes-endoderm. 
These cells, as well as those that lie further along over the inner 
surface of this region, call for special notice. It is this part of the 
surface that is rolled over in the normal embryo to form the roof 
of the archenteron. The cells in this region are those just outside 
of the lateral lips of the blastopore^ and normally are brought to- 
gether to unite in the advancing dorsal lip of the blastopore. These 
are superficial cells that lie at first outside of the rim of the blasto- 
pore, but whether, therefore, we shall call them ectoderm or endo- 
derm is, I think, entirely a matter of definition. If we determine 
to call them ectoderm, then we must conclude that part of the cells 
of the dorsal roof of the archenteron are at first ectodermal. It has 
been shown by Schwink and by King that some of the cells of the 
roof of the archenteron are added to the notochord and to the meso- 
derm. Whether the dorsal wall, after this process has taken place, 
becomes purely endodermal, or whether some of the ectodermal cells 
may remain, can not be definitely stated. The distinction is perhaps 
largely artificial, for, in the lips of the blastopore, the ecto-, meso-, 
and endoderm are so closely united that it is probable that all the 
cells of this part have the potentialities at first of all three layers. 
Thus the notochord may be ascribed to the ectoderm, or to the 
mesoderm, or to the endoderm, at will, and it may be a matter of 
indifference to which layer we ascribe it, since the cells of these 
layers in the part of the embryo from which the notochord develops 
may all have the potentiality of producing this structure should they 
happen to get into the part from which the notochord is formed. 

There is another point shown by this half-embryo that calls for 

35* 
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a brief mention. The roof and the floor of the half-archenteron are 
formed from the yolk-cells, and the archenteron is produced here not 
by the rolling in of the edge, although this also takes place, but 
by the yolk-cells withdrawing and opening out This part of the 
archenteron corresponds to the lateral portion of the archenteron 
of the normal embryo, which, I believe, is also formed by the with- 
drawal, or pulling in of the yolk-cells along the lateral lips of the 
blastopore. It is also probable that the same process occurs at the 
dorsal lip of the blastopore, as claimed by Assheton (though not so 
extensively, I believe, as he supposes). It is, of course, hazardous 
to argue from the conditions in the half-embryo to the normal de- 
velopment, but in the two cases the processes have every appearance 
of being the same, and in the half-embryo the conditions are such 
that there can be only one interpretation as to how the result has 
been attained; hence it appears to me not unreasonable to extend 
cautiously the same interpretation to the normal embryo where the 
result is more obscured by other conditions. 

Finally I would recall that the half-embryo in this case is less 
than half in volume, due apparently to the loss of yolk material from 
the uninjured blastomere. This seems to have occured in the yolk- 
region of the more posterior part or the embryo, so that the equa- 
torial zone from which the embryonic material is mainly derived has 
lost relatively less. The extent to which the yolk becomes nucleated 
from the nuclei derived from the uninjured half will determine how 
much of it becomes cellulated. In this particular case the nuclei do 
not appear to have extended over into the injured portion, although 
in consequence of the continuity of the yolk in this region the 
nucleazation mighty as far as we can see, have been more extensive. 
As soon however as the protoplasm becomes broken up into cells 
around these nuclei, further nucleazation will come to an end, and 
this is what actually seems to take place in eggs of this sort. From 
this point of view the in-wandering of nuclei from the uninjured 
into the injured half, as Koux claims to take place, is not likely to 
occur after the protoplasm has once become broken up into cells. 

There is a question of theoretical interest in connection with the 
postgeneration of the injured blastomere which brings to light a dif- 
ficulty of fundamental importance. If the » half-embryo* lies in large 
part over the lower hemisphere, as Roux believes, then there is op- 
posed to the »open« side of the half-embryo the large yolk-cells of 
the lower hemisphere, as shown in Figs. 13, 14, 15. How is it 



The Relation Between Normal and Abnormal Development etc. III. 521 

possible that this material can be transfonned into the dorsal side 
of the postgenerated »half«, even ander an influence emanating from 
the developed half, as Roux supposes. It must be remembered that 
the material to form the embryo proper is carried downwards by the 
overgrowth of the dorsal and lateral lips of the blastopore and has 
an origin relatively high up on the egg. The yolk-cells of the lower 
hemisphere form the floor of the archenteron, and are removed by 
half the diameter of the egg from .those yolk-cells that form the meso- 
derm of the embryo. Hence it seems to me, in the light of recent 
advances, highly improbable that Roux's account of this process can 
be correct. 

Closely connected with this question there is another, which, I 
believe, has not been sufficiently considered. According to Roux the 
characteristic process of blastoporic overgrowth, by means of which 
the material of the embryo is carried over the lower pole, is om- 
mitted in the postgeneration of the injured half For several reasons 
this does not appear to me to be possible. If, on the contrary, 
we suppose that the injury has only sufficed to delay the develop- 
ment of the injured half, is it possible that the uninjured half may 
first complete its gastrulation, and then the delayed half pass through 
the same process ? There is no evidence that this occurs. If it did 
so, it would, no doubt, have been observed. Is it possible then that 
the development of the uninjured half is held back until the process 
of gastrulation can go on simultaneously in both halves? This may 
sometimes occur, but gives rise to spina bifida embryos, or even to 
normal embryos if the yolk has not been much injured. It does not 
appear that the » postgeneration* that Roux describes takes place by 
either of these two processes. There remains another possibility. The 
material for the middle and for the posterior regions of the body 
may be supposed to grow backwards from the head region of the 
half-embryo, i. e., the material of the injured half that lies at the 
side of the half (?)-head may be imagined to extend backwards in 
somewhat the same way as the dorsal lip extends backwards, with- 
out, however, an actual process of gastrulation taking place. It seems 
to me that we also lack evidence to establish this view. From the 
proceeding analysis it appears improbable that the material of the in- 
jured half can be used to replace the missing half-embryo unless it 
passes through a regular process of gastrulation. The half-embryo 
can at most only partially complete itself by a sort of lateral regen- 
eration (involving to some extent the process of morphallaxis) of its 
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own tisanes. This view seems to me the most plausible one in the 
light of the experiments that have been so far carried out. 



The Size of the Cells of the Embryo, and the Size of the Egg. 

The eggs laid by each individual frog are usually all of about 
the same size within rather close limits. This size is often variable 
for different individuals of the same species. Every embryologist 
must, however, have found occasionally bunches of eggs in which 
smaller eggs than the rest of the batch are present. There is an 
interesting theoretical question connected with these small eggs, to 
which I have already called attention i). I described some cases, 
in which small eggs of the toad were found that contained only one- 
half of the volume of the normal eggs, and which, therefore, were 
equivalent in volume to one of the first two blastomeres. During 
last spring I found in one bunch of frog^s eggs a few eggs that 
were so small that they at once arrested my attention. Measure- 
ments of these eggs showed that some of them contained no more 
than half of the volume of the other eggs of the same bunch. The 
following figures give the measurements of some of the small, dwarf 
eggs, and, for comparision, the measurements of some of the normal 

eggs. 

Normal Eggs Dwarf Eggs 

50 X 53 37 X 39 42 x 45 

52 X 53 40 X 42 43 x 43 

50 X 52 42 X 42 44 x 45 

49 X 52 44 X 44 42 x 44 

49 X 51 44 X 47 42 x 43 
50x53 40x42 45x46 

50 X 50 44 X 46 

If the cubes of the diameters of the dwarf eggs be compared 
with those of the full-sized eggs, the volumes will be found to be 
as 1 to 2. The small eggs were isolated and produced normal 
embryos, also of reduced size. These were preserved at diflFerent 
stages aloDg with the normal eggs, and, later, sections were made 
of both kinds, always carrying one of the small eggs and one of 
the large eggs through the same solutions, etc., and using only these 
for comparison. Camera drawings were then made of cells from 



1; This Archiv. 1901. p. 429. 



The Relation Between Normal and Abnormal Development etc. III. 523 

corresponding regions of the two embryos of eadi pair, and the draw- 
ings compared. 

Before speaking of the results there are a few points in regard 
to the origin of these dwarf eggs and their mode of cleayage that 
must be described. If the ovary of a frog be examined during the 
winter the full- sized eggs are found hanging from the walls of the 
ovary into the central cavity. In addition to these there are other 
eggs of all sizes, especially very small ones, that will become the 
ripe eggs of the following year. The dwarf eggs appear to have 
been some of the eggs that had not quite reached maturity (not the 
very smallest just spoken of). The pigment in these immature eggs 
4S not so deep, nor so extensively developed, as it is in the large 
eggs. One of the most evident characteristics of ihe dwarf eggs 
also is their light color. It seems to me, therefore, probable that 
these eggs correspond to the small eggs of the ovary that have been 
accidentally set free, possibly because they were large enough to 
» ripen* at the time when this process occurred in the ordinary eggs. 

In several cases I followed the process of cleavage of the dwarf 
eggs. It seemed at first sight to depart widely from the normal type 
of division. The first division separated the black part of the egg 
from the white, and appeared to lie therefore in the position of the 
third plane of cleavage of the normal egg. As shovni in Fig. 10 the 
first plane of cleavage extended between the white and black parts 
of the egg, beginning at the upper edge of the black. Possibly these 
eggs were not free to rotate in their membranes, and consequently a 
rearrangement of the contents of the egg took place beneath the 
surface. This view is supported by the fact that the following se- 
quence of the divisions is as in the normal egg. The second furrows 
came in at right angles to the first. Fig. 11. The third furrows, in 
the few cases that were observed, cut oflF four upper smaller cells, 
two of which were dark and two light, Fig. 12. Thus the divisions 
are, as I have said, the same as in the normal egg, although the 
distribution of black and white is different. The results resemble 
those that Pflugeb obtained when he forcibly held eggs in oblique 
positions. The medullary plate when it appeared was markedly 
lighter than in the normal egg, which may be due, in part, to the 
lack of pigment in the egg itself, and also, as in Pfluger's eggs, 
to the rotation of the interior. 

Some of the embryos were killed at the time when the dorsal 
lip of the blastopore first appeared; others at the time when the 
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medullary folds were just outlined on the surface of the eg^, and 
others when the medullary folds had closed and the tail-knobs were 
just beginning to form. 

It was by no means an easy matter to decide in all cases 
whether the small eggs produced the full (normal) number of cells, 
which would therefore be smaller, or only half as many cells of 
the same size as the normal. The difficulty arises mainly from 
the irregular form of the cells of the embryo and from the un- 
certainty in locating exactly similar regions of the two embryos. For 
these reasons the following results are not as final as I had hoped 
that they might be. 

It was found that the cells that make up the roof of the seg- 
mentation cayity, at the time when the dorsal lip of the blastopore 
has just appeared, are smaller in the dwarf embryo than in the full- 
sized embryo. There is also a considerable and well-marked dif- 
ference in the size of the yolk-cells. The roof of the segmentation 
cavity is also narrower in the small embryos. In some of the pairs 
the diflference in the size of the cells of the roof of the segmentation 
cavity is so slight that it does not appear to be as great as was 
the original difference in size between the eggs themselves, but this 
is a point most difficult to determine. 

At the time when the blastopore finally closes the ectoderm cells 
of the medullary plate and the underlying mesoderm and endoderm 
cells are smaller in the dwarf embryos and the yolk-cells of the 
yolk-mass are very decidedly smaller. 

In older embryos I have found it difficult, owing to the small 
size of the cells, to make out any decided difference, but I have no 
reason to suppose that the conditions here are different from the 
proceeding, only that as the cells get smaller the difference in size 
is harder to detect. 

From these observations, that need not be given in extenso, 
it appears that the smaller eggs produce smaller cells. The evidence 
is not sufficient to establish, however plausible it may appear, that 
the cells are proportionately smaller. In fact, the evidence, as far 
as it goes, rather indicates that the cells stand somewhere between 
the normal and the proportionately reduced size. 

The same theoretical question that is here involved I have al- 
ready considered from two other points of view. I compared the 
size of the cells of a half-embryo of the sea-urchin, that had developed 
from one of the first two blastomeres, with the size of the cells of 
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Ae normal embryo, and found that the half-embryo is made up of 
cells of the same size as those in the normal, whole embryo. There 
are, therefore, only half as many cells in the half-embryo and these 
are, in comparison with the normal embryo, twice too large. 

In the second place I discovered that there is a definite relation 
between the number of times that the segmentation nucleus divides 
and the size of the piece of protoplasm in which it is contained. The 
eggs were shaken into pieces, after they had been fertilized, and the 
development of pieces of different sizes was followed. It was found 
that the number of times that the segmentation nucleus (and its pro- 
ducts) divide is strictly determined by the size of the piece — the 
larger the piece the greater the number of times it divides. I also 
observed that even at the two-cell stage of a fertilized fragment the 
new nucleus in each blastomere is smaller than the nucleus of one 
of the first two blastomeres of the normal egg. In other words, the 
size of the nucleus is influenced by the size of the cell in which it 
is contained, even when the number of chromosomes remains the 
same. This relation has often been observed and commented upon 
by workers in the field of cell-lineage, but the experimental proof 
shows that this relation is not a regulation that is peculiar to the 
kind of division that is taking place, was might be claimed for the 
cases of normal cleavage, but is due directly to a regulation be- 
tween the amount of protoplasm and its contained nucleus. 

Comparing these results from the searurchin's egg with those de- 
scribed here for the dwarf eggs of the frog we find the following 
differences in the two cases. The isolated blastomere of the sea- 
urchin divided as many times as it would have done had it remained 
in contact with its fellows. The number of its divisions appears to 
be regulated by a size-relation between the nucleus and the proto- 
plasm around it. Both the nuclei and the cells become smaller as 
the cleavage proceeds, but the cells are reduced in size proportion- 
ately faster than the nuclei. At last a stage is reached when a 
certain fixed relation of size is attained when further division for 
this stage of the development comes slowly to an end. The nucle- 
ated fragment of an egg also continues to divide until the same 
relation is established (without having divided as many times as 
the whole egg divides). The cells that result are, in relation to the 
size of the piece, proportionately larger than those of the whole egg 
(although they may be actually even a little smaller). This may be 
connected with the reduction in size of the first formed nuclei after 
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the firot division. All the sabseqnent nuclei are smaller than those 
of the same divisions of the fall-sized egg. 

The dwarf e^s of the frog, on the other hand, produce cells 
smaller than the normal; i. e., they appear to be organized on a 
smaller scale, and tend to produce approximately the same number 
of cells that are present in the full-sized embryos. Whether they 
actually do produce as many cells, or only show a tendency in that 
direction, is, as I have said, difficQlt to decide with certainty. The 
outcome, however, appears to be in principle different from that in 
which a part (isolated blastomere or egg-fragment) develops. In the 
latter case the cells are of the same size as are those of the whole 
egg, and are therefore proportionally larger for the size of the small 
embryo than are the cells in the whole embryo. In the small, dwarf 
egg the cells tend to become proportionally of the same size as are 
those of the full-sized embryo. 



Extreme Forms of Spina Bifida (Ring-Embryos). 

One of the most common forms of abnormal development of the 
frog's egg is brought about by the failure of the lips of the blasto- 
pore to unite over the yolk, which is the result of the inability of 
the yolk to draw inwards at the time when the blastoporic lips are 
ready to move forward. All stages in the extent to which this pro- 
cess occurs may be found in almost any series of eggs in which the 
yolk has become injured by one means or by another. The most 
extreme cases are those in which the halves of the embryo are 
completely separated, uniting only at the head and tail ends as de- 
scribed by Roux ('88), Heetwig ('92), and myself ('93). From the 
evidence furnished by these embryos Roux concluded that the pri- 
mordium of the embryo lies around the equator of the eggj and that 
the material out of which the embryo is formed extends at first on 
each side over nearly 180 degrees of the surface of the egg. To 
this conclusion I have taken exception. In the first place on the 
grounds that the embryo itself is not more than 120 degrees in length 
at the time when it first appears. In the second place an important 
consideration in the early development of the embryo has been over- 
looked. During the segmentation of the egg there is a transfer 
downwards of material around the sides of the upper hemisphere 
which is due, in part at least, to the enlargement of the segmentation 
cavity. There is also an extensive differentiation at the sides lead- 
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ing to the formation of ectoderm and of mesoderm below the equator 
of the egg. If either the downward transfer of material, or the later 
differentiation downwards of the ectoderm and mesoderm is prevented 
or delayed the embryo may appear higher up on the egg, — develop- 
ing presumably, in part at least, out of the same material from 
which the normal embryo develops. Hence the position of these 
ring-embryos on the egg is not a safe criterion as to the position 
of the material of the normal embryo before the time that the me- 
dullary plate develops. If, however, we assume that the transport- 
ation of material downwards during the cleavage, and also the form- 
ation of embryonic material below the equator, is interferred with, 
we can explain how it is that the ring-embryos may actually appear 
above the equator of the egg. 

Another question of interest in this connection is whether the 
material of the sides, when it is as widely separated as in these 
ring-embryos, may not form more than half an embryo on each side. 
I have shown, in fact, that when one side of the egg is seriously 
injured the other side may produce more than a half structure. In 
looking over a number of egg that had been rotated in a centrifugal 
machine (at the rate of 170 to 200 revolutions per minute, and at a 
distance from the axis of rotation of from 5 to 20 inches) I found 
the two embryos drawn in Figs. 18 — 20, 19 — 21, in which in sur- 
face view, as seen in these figures, it appears as though possibly 
more than a half of an embryo lies along each side of the exposed 
yolk. These embryos were examined by means of sections, and 
although it turned out that each side is not a whole structure, as 
ihe surface views might seem to indicate, yet some other peculiarities 
were observed that make it worth while, I think, to give a some- 
what detailed description of the two cases. I have already de- 
scribed a number of embryos from the centrifugal machine, none of 
which were as extreme forms of spina bifida embryos as these. On 
ihe other hand I have obtained as extreme forms as these in salt- 
solutions, and even in bunches of eggs insufficiently supplied with 
oxygen. 

The more extreme of these two embryos is shown in Figs. 17, 
18, 20. The yolk portion of the eggs, when turned upwards as in 
Fig. 18, is surrounded by a thickened black border. This is the 
medullary plate with a groove along its upper surface. It is owing 
to this groove that each side has the appearance, in surface view, 
of forming a small, but whole medullary plate. There is another 
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deeper groove, just within the border of the yolk, which sections 
show is the beginning of the archenteron of the sides. At the pos- 
terior end of the embryo the grooves of the sides come together, 
and a rather wide and deep pit is formed in this region. 

This embryo was cat into cross-sections. Sections taken at any 
point in the middle region of the embryo are like the one drawn in 
Fig. A, In this it is seen that the yolk is exposed over a broad 
area between the two halves of the half medullary plates. The outer 
edge of the yolk just inside of the medullary plates dips downwards 
to form a rather deep groove, the archenteron. Outside of the groove 
there are a few meso-endoderm cells which are continuous with the 
ectoderm of the medullary plate. No notochord could be found in 
any of the sections. The mesoderm is a broad band lying between 
the volk and the ectoderm. 

Towards the posterior end the yolk-mass sinks down in the 
middle, the archenteric grooves at the sides become deeper; and still 
further back tbey extend across the middle line, as the yolk mass 
sinks down, and form here the deep groove seen on the surface. The 
two half, medullary plates meet behind this region. It is evident 
in this embryo that the halves are separated throughout their whole 
length, and that a whole medullary plate is not formed on each side 
as the surface view seemed to show. 

It would be erroneous to conclude from embryos of this sort, 
as I have pointed out above, that in the normal embryo the medullary 
plate is formed out of material that is separated throughout its entire 
length, or that the halves of the embryo encircle as great an area 
of the surface of the egg as in this ring-embryo. Owing to the 
change in shape of this embryo its medullary folds appear longer 
than when first laid down. It is more difficult to account for the 
shortening of the anterior part of the medullary plate in this embryo 
(and this is a characteristic shown to a greater or less degree by all 
ring-embryos). The peculiarity is due, I think, most probably to the 
fact that the dorsal lip of the blastopore appears higher up on the 
egg than in the normal embryo, and this, in turn, is the result of 
the lack of downgrowth of material, as already described. In con- 
sequence much of the region out of which the head of the normal 
embryo is formed is not present in front of the dorsal lip of the 
blastopore, and as a result the anterior end is correspondingly 
shortened, although the sides of the embryo may be even longer 
than the normal. In a sense the material that forms part of the 
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sides may represent, to some extent, material that in the normal embryo 
would become part of the head region, but only to a limited extent. 
The other embryo has a smaller exposure of yolk, which is due 
largely to the advance of the ventral lip. In other respects the sur- 
face view resembles that of the last embryo. The cross-sections 
present several points of interest A section through the anterior 
end of the medullary plate, where the sides have just come together, 
is represented in Fig. J3. The medullary plate bends in here, and 
on one side the optic vesicle pushes out towards the surface. On 
the other side of this section there is a hollow ingrowth of the sur- 
face ectoderm that represents the blastema of the right ear, and a 
few sections further back the blastema of the left ear is present (the 
sections being cut somewhat obliquely). In sections further forward 
I can not identify any thickenings to form the lenses of the eyes. 
The infundibular ingrowth of ectoderm is well developed in these 
anterior sections. A few sections further back than the one here 
figured show the halves of the medullary plate drawing apart, and 
the notochord appearing on each side, as in Fig. C. Towards the 
posterior end of the embryo. Fig. JP, the lateral grooves of the archen- 
teron become deeper, the yolk projects less and finally the sides of 
the embryo come together across the middle line. The half medul- 
lary plates, that have become smaller, meet, and posterior to this re- 
gion the deep groove seen on the surface is indicated by a depression 
of the ectoderm, Fig. D, In this region the mesoderm from the sides 
also meets across, and there is present a small archenteron in the 
yolk that opens out more anteriorly on the surface. A few sections 
further back, the surface groove deepens and then unites with the 
posterior extension of the archenteron, as shown in Fig. E, This 
opening is the anus. What appears to have happened in this pos- 
terior region is this: — A posterior backgrowth of the archenteron 
under the ventral lip has taken place. The sides of the ventral lip 
have grown forward and have met above the yolk, the groove on 
the surface indicating their line of union. Whether a posterior open- 
ing has remained behind, or a new one has formed cannot be deter- 
mined at so late a stage. The groove on the surface can not be 
interpreted as equivalent to the very small groove in the normal 
embryo that appears behind the blastopore, after the blastopore, which 
remains for a time as the neurenteric canal, has become reduced 
to a small opening. The anus is formed, it is true, at the posterior 
end of the groove in the normal embryo as a new opening, but there 
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was left no groove on the surface as the ventral lip advanced. In 
the abnormal embryo the large depression on the surface represents 
the line along which a ftision of the posterior sides of the embryo 
have united over the surface of the yolk and not the groove of the 
normal embryo behind the neurenteric canaL 

ZiEGLER in his recent, »L6hrbuch der vergleichenden Entwicke- 
lungsgeschichte der niederen Wirbelthiere* describes the normal pro- 
cess of closure of the blastopore of the frog as taking place in the 
following way: — When the last trace of the yolk-plug has disap- 
peared within the small blastopore the lateral lips of the blastopore 
come together and fuse, leaving the anterior end open as the neuren- 
teric canal and the posterior end as the anus. The dark groove seen 
on the surface represents the line of union of the lateral lips. This 
description is erroneous for the frog, although it is exactly what 
takes place, as I have shown, for Amblystoma, I have examined 
a great number of sections through frog embryos at the time when 
the blastopore is overarched by the medullary folds, and find that 
when the neurenteric canal is just overarched (it is the only part of 
the blastopore that is left open after the yolk-plug has been with- 
drawn) and the anus has not broken through, the archenteron has no 
posterior opening. This could not be the case if Ziegler^s descrip- 
tion is correct. Moreover an examination of the relation of the anus 
to the archenteron will show that Ziegler's description must be 
wrong, for the anus opens at the posterior end of a posterior sac- 
like extension of the archenteron which lies some distance behind 
the first position of the blastopore. In 1889 I described this mode 
of development, and since then I have re-examined the same pre- 
parations and new ones also, and find my account entirely correct 
ScHANZ had in 1887 given an exactly similar description of the closure 
of the blastopore which account by an unfortunate oversight I failed 
to see, and did not refer to in my paper. My results have, there- 
fore, at least the value of independent observations, although the 
credit for first giving an exact account of what takes place belongs 
to ScHANZ. The ventral lip moves forward over the region in which 
the anus will form, and, in fact, helps to form the posterior pocket 
of the archenteron, (which is probably deepened also by the pulling 
in of the yolk-cells in this region). The anus is a new invagination, 
and the little groove on the surface is also new, although I will not 
deny that the groove may sometimes be faintly marked as the blasto- 
pore undergoes the final stages of its closure. 
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To retam to the abnormal embryo represented in Figs. 18 and 19. 
I have pointed out that the anterior single portion of the medullary 
plate is very short, and yet the optic vesicles are present at its 
anterior end, and the infondibnlum turns in just in front of the 
termination of the plate. It is evident, therefore, that this part must 
really represent the anterior end of the fore-brain. It will also be 
noticed that the two ears lie almost at the level of the optic vesicles, 
and are therefore very far forward as compared with the optic ves- 
icles. This supports strongly the point that I have tried to make 
above, namely, that the brain region is very much shortened in these 
embryos. I have further interpreted this to mean that there has not 
taken place the normal downgrowth of material from which the 
anterior part of the medullary plate develops in the normal embryo. 



Summary, 

1) The eggs of the frog in which the first furrow divides the 
material as unequally as in Figs. 1 and 3 may give rise to a nor- 
mal embryo. 

Irregular division like that shown in Figs. 6 and 7 and in 
Figs. 8 and 9 is probably due to polyspermy. 

An analysis of the results published by Morgan and Boring i) 
suggests the hypothesis that those exceptional cases (872 per cent) 
in which the first plane of cleavage is at right angles to the median 
plane of the gray area, are due to a secondary rotation of the con- 
tents of the egg that carries the spindle into a new position. The 
median plane of the embryo of the frog appears to be established 
by the plane of symmetry in the protoplasm, and may coincide in 
these cases either with the first plane of cleavage or with the median 
plane of the gray crescent according to which influence predominates ; 
i. e., according to which plane of symmetry is the more potent. 

The position of the spindle in the cell appears to be determined 
by movements of the protoplasm, and these in turn may be the re- 
sult of different internal and external conditions. It is improbable 
that the cause of the protoplasmic movements is the same for all 
kinds of cells. 

2) The evidence in favour of the view that gravity determines 
the position of the gray area, and hence of the median plane of the 



1) This Archiv. XVI. 1903. 
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embryo of the frog, does not preelnde the possibility that if gravity 
is removed, as in Eatharikeb's ['08) and in my own experiments 
('03), the embryo may have its median plane determined by some 
other factors. 

3} The half embryo represented in Fig. 26 was obtained by 
sticking with a hot needle one of the first two blastomeres before 
the first furrow had completed itself. The method of formation of 
an embryo of this kind, (see cross-sections O, H, I), is illustrated by 
the diagrams shown in Figs. 13, 14, 15. The head of the embryo 
is nearly a whole stractnre and this is not due to a half head being 
first laid down which then completes itself on the inner side, but 
the head is from the beginning laid down nearly symmetrically in 
the material in front of the first position of the dorsal lip of the 
blastopore. 

An analysis of the conditions present when a half-embryo de- 
velops leads to the view that when such a half-embryo is first formed 
the uninjuted material of the other side can not be used to produce the 
missing half, unless it has also first gone through the regular process 
of gastrulation at the time when the uninjured half has gastrulated. 

4] Dwarf eggs of the frog are sometimes found whose volume 
may be no greater than half that of the normal egg. These dwarf 
eggs correspond, therefore, in volume to one of the first two blasto- 
meres. They give rise to normal dwarf-embryos. The cells in these 
dwarf-embryos are smaller than those in full-sized embryos, indicating 
that the small eggs tend to pass through the same number of divisions 
as does the normal egg. The isolated blastomere of the sea-urchin's 
eggs on the contrary produces only half as many cells as does the 
whole egg. 

5) Extreme forms of spina bifida, — ring-embryos — , show that 
the medullary plate may be divided to nearly its anterior end. It 
would be erroneous to conclude from this condition that in the nor- 
mal embryo the dorsal lip of the blastopore begins near the anterior 
end of the brain and that the rest of the embryo is formed by con- 
crescence. The diflFerence in the two cases can be accounted for on 
the assumption that in the ring-embryos the downgrowth of material 
during the late cleavage-stages, which takes place in the normal egg, 
fails to occur, and in consequence the embryo develops higher up 
on the egg, 

Bryn Mawr College, March 21, 1904. 
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Zusammenfassung. 

1) Die FroBcheier, bei denen die erste Forche das Material so ongleich 
teilt, wie Fig. 1 and 3 zeigen, kOnnen einem normalen Embryo zom . Urspmng 
dienen. 

UnregelmSGige Teilnng, wie in Fig. 6 and 7 and in Fig. 8 and 9, beruht 
wohl aaf Polyspermie. 

Eine Analyse der Resaltate von Morgan and Boring fUhrt za der Hypo- 
these, daB die aosnahmsweisen F^le (etwa SVsVoS ii^ welchen die erste Teilangs- 
ebene rechtwinklig znr Mittelebene des graaen Feldes steht, aaf einer sekandaren 
Rotation des Eiinhalts bernht, welche die Spindel in eine neae Lage bringt. Die 
Medianebene des Froschembryos scheint dnrch die Symmetrieebene im Proto- 
plasma im vorans gegeben za sein and kann in diesen FSllen entweder mit der 
ersten Fnrchangsebene oder mit der Medianebene des graaen Feldes zosammen- 
fallen, je nachdem der eine oder andre EinflaO der stUrkere ist, d. h. je nach 
der grOGeren Potenz der einen oder der andem Symmetrieebene. 

Die Stellnng der Spindel in der Zelle scheint dnrch Protoplasmabewegnngen 
bestimmt zn werden, and diese kOnnen wiedernm das Ergebnis verschiedener 
innerer and anOerer Bedingnngen sein. Es ist anwahrscheinlich, daO die Ur- 
sache der Protoplasmabewegnngen flir alle Arten von Zellen dieselbe ist. 

2} Die aagenscheinlichen Beweise zagansten der Annahme, daB die Schwer- 
kraft die Lage des graaen Feldes bestimmt and somit anch die Lage der Median- 
ebene des Froschembryos, schlieBt die MOglichkeit nicht ans, daB nach Ans- 
schaltang der Schwerkraft (wie bei Kathariner [1903] and meinen eignen Ver- 
snchen [1903]) die Medianebene des Embryos darch einige andre Faktoren be- 
stimmt werden kann. 

3) Die in Fig. 16 abgebildeten Halbembryonen warden darch Anstechen 
einer der beiden ersten Blastomeren vor Yollendnng der ersten Fnrche erhalten. 
Die Diagramme Fig. 13, 14, 15 zeigen die Bildangsweise eines derartigen Embryo 
(Qnerschnitte 0, H, I]. Der Kopf des Embryo ist naheza eine Ganzbildnng, die 
nicht etwa darch nachtragliche Komplettierang einer nrsprtinglich halben Kopf- 
anlage an deren medialer Seite zastande kam, vielmehr warde der Kopf von 
Anfang an naheza symmetrisch in dem nach vom von der ersten Lage der 
dorsalen Blastoporaslippe gelegenen Material angelegt. 

Eine Analyse der die Entstehnng eines Halbembryo beherrschenden Be- 
dingnngen fUhrt za der Ansicht, daB, wenn ein solcher Halbembryo zaerst ge- 
bildet wird, das anbeschadigte Material der andem Seite nicht znr HervorbHn- 
gang der fehlenden HlUfte verwendet werden kann, ohne daB es gleichfalls 
zaerst den regnlaren GastrnlationsprozeB za der Zeit darchlaafen hat in der 
die anverletzte HSlfte gastruliert hat 

4) Bisweilen findet man Zwergeier beim Frosch, deren Volnmen nicht 
grOBer sein kann als das halbe der normalen Eier. Das Volnmen dieser Zwerg- 
eier entspricht also dem von einer der beiden ersten Blastomeren. Ans ihnen 
entstehen normale Zwergembryonen. Die Zellen in diesen Zwergembryonen sind 
kleiner als die in Embryonen ganzer GrOBe, ein Anzeichen, daB die kleinen 
Eier dieselbe Anzahl von Teilnngen za darchlaafen haben, wie die normalen 
Eier. Die isolierte Blastomere der Seeigeleier prodnziert dagegen nnr halb so 
viele Zellen, wie das ganze Ei. 

Archir f. Entwicklnngsmechaiiik. XVIII. 36 
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5) Extreme Formen von Spina bifida — Ringembryonen — zeigen, daB 
die Medollarplatte bis nahe an ihr yorderes Bade geteilt sein kann. Es wtirde 
ein TmgschlnG sein, deshalb anznnebmen, da6 im normalen Embryo die dorsale 
Blaatoponulippe nahe am vordeien Ende des Gfehims beginnt nnd dafi der Rest 
des Embryo dorch ConcrescenE entsteht Dem Unterschied der beiden FSUe 
kann dorch die Annahme Rechnong getragen werden, da6 bei den Ring* 
embryonen das Herabwaohaen dee Materials in den letzten Furohungsstadien 
ansfUllt, welches bei normalen Eiem stattfindet, so daO bei jenen der Embryo 
hOher oben am Ei sioh entwickelt 
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Results of Injuries to the Blastopore Region 

of the Frog's Embryo. 



By 
Anne Hampton Todd. 



With Plates XXIX and XXX and 20 figures in text 



Eingegangen am 26. April 1904. 

The principal object of the following experiments was to deter- 
mine to what extent a known injury to the frog's egg causes it to 
depart from the normal course of its development and how, after 
recovery from the eflFect of the iiyury, the return to the normal form 
is accomplished. The experiments were made on the egg of Rana 
palustris and consisted mainly in injuring definite regions along 
the blastoporic rim and noting the effect on the subsequent develop- 
ment. A number of recent workers have assumed that no conclusion 
in regard to normal development can be drawn from the results of 
experiments that injure the egg and it was the purpose of my work 
to examine more carefully the pretensions of this point of view. 

The operation was carried out by puncturing the dorsal lip of 
the early gastrula. The cells of the lip are killed; but when the 
needle is heated enough to destroy the lip, so much of the surround- 
ing tissue is also injured that development is much retarded and is 
often prevented altogether. Eggs treated in such a manner rarely 
lived. I therefore found it more expedient to remove the dorsal lip 
with a fine cold needle or with very small scissors. In order to 
watch the eggs more closely I placed them in watch crystals which 
I bad previously lined with paraffine, fastened each separate egg 
by its membrane with spun glass or needles, and marked its 
orientation on the paraffine. In this way I could follow more ac- 
curately the formation of the blastopore and the development of the 
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embryo. The eggs were preserved in 3% solution of formaldehyde 
and the sections were stained with borax carmine and Lyons bine. 

The work was carried on in the laboratory of Bryn Mawr Col- 
lege under the direction of Prof T. H. Morgan to whom I wish to 
express my gratitude for his assistance and criticism. 

The experiments will be considered under four heads. In the 
first set the dorsal lip of the blastopore was destroyed in order to 
determine its importance in the formation and closure of the rest of 
the blastopore and in the subsequent formation of the embryo. In 
the second set the eggs were punctured in the equatorial region at 
graded distances from the dorsal lip, in order to determine whether 
the active growing area was or was not confined to the region im- 
mediately surrounding the dorsal lip. In the third set I produced a 
small exovate in the centre of the yolk, after the blastopore had 
become circular, in order to determine whether the blastopore in its 
later stages was formed by an equal or unequal growth of ventral, 
lateral and dorsal lips. And in the last set of experiments I des- 
troyed the left half of the dorsal lip to see if the other, the right 
half, would then produce more than half an embryo. Morgan had 
found that eggs, which had been kept in a centrifugal machine for 
several hours, often showed on one side a development of more than 
half an embryo ; and as I had occasionally found that the destruction 
of the whole dorsal lip leads to the production of similar embryos 
I hoped by removing the left side of the dorsal lip to cause the 
right side to develop more than half an embryo. 



Experiment I. 

The dorsal lip of the blastopore was stuck with a cold needle, 
and as the needle was withdrawn the material of the dorsal lip was 
extruded as an exovate. According to the size of the exovate thus 
formed the subsequent development is affected. 

A. Method of blastopore closure. 

From one to four hours after the operation, the pigment in the 
cells spreads further and further down, though as yet no definite 
blastopore rim is formed, and the proportion of light cells to dark 
steadily decreases. When the blastopore rim reappears it forms lower 
on the yolk surface and the exovate has been carried down with it; 
just how I do not at present understand. If the injury to the egg 
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has been slight the ectoderm at either side grows oyer the region of 
ii\jnry, i. e. over the slight protrusion caused by the iiynry, and the 
line of meeting of the ectoderm (Fig. Y) is marked on tiie surface 
by a seam. The seam increases in length as the blastopore closes. 
The extent that the blastopore has travelled is thus marked on the 
surface and the region overgrown by the dorsal lip is shorter in the 
injured than in the normal egg. The new dorsal lip forms lower on 
the yolk hemisphere and the blastopore closes just beyond the lower 

FigB. I— VI. 
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pole. Consequently when the embryo forms it is shorter and its 
ventral aspect is disproportionately large. 

In other eggs (Fig. 11) a new dorsal lip may form below the 
exovate and lower than the original lip. The lateral and ventral 
lips, in sach cases, grow down normally and the blastopore closes. 
The exovate is soon detached. Normal embryos result. 

The exovate in other eggs (Figs. Ill and IV) is carried over the 
yolk surface as the lateral lips are moving towards each other, and 
prevents the blastopore from closing entirely. The exovate is never 
a fixed point. By actual observation its progress can be studied. 
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If the exoYate is large the blastopore neyer closes completely. At 
times, instead of dosing in from all sides either the lateral lips 
move faster or the ventral lip is held back, and a very long narrow 
yolk ping is formed (Fig. VI). The medullary folds appear along 
its margin. Such an embryo soon dies. 

The blastopore may progress over the yolk surface in any one 
of these ways. By the temporary destruction of the dorsal Kp its pro- 
gress is arrested and consequently the dorsal lip never travels as far 
as in the normal egg, i. e. the blastopore is reduced by a nearly equal 
growth of dorsal, ventral and lateral lips and closes in the median yolk 
region. To this extent the injured egg differs from the normal egg. 

B. The notochord. 

The destruction of the dorsal lip delays or even prevents the 
growing together of the lateral lips, and in consequence the union 
of the material from the sides out of which the notochord is formed. 
In the normal egg the notochord appears about the time the medullary 
folds are beginning to roll in. On the other hand, in those eggs in 
which the dorsal lip is destroyed the notochord at the same period 
shows no signs of separation. In some eggs in which the nervous 
system has even rolled in and formed a tube no notochord is pre- 
sent. Just why its appearance should be delayed longer than the 
formation of the nervous system is not clear. In eggs that have 
been punctured the notochord seems to be derived from the same 
material as in the normal egg. In some eggs in which the presence 
of a yolk plug has caused the embryo to develop as separate halves 
(Figs. 28 and 29) the notochord is formed within the mesodermal 
sheet of cells; while in others it lies more superficially, near the 
union of the endoderm and ectoderm cells. The cells at the surface 
as in Figs. 30, 31 and 32 are sometimes drawn into the notochord. 
In the embryos with large yolk plugs in the posterior region the 
posterior part of the embryo is divided into right and left halves. 
The notochord divides on each side of the yolk plug to form two 
smaller, cords. Occasionally two notochords, normal in size, are pre- 
sent in one embryo and have no connection with each other through- 
out their length. In those eggs in which there was earlier present 
a yolk plug in the posterior region (which later is overgrown) one 
nervous system is present and the archenteron extends from side to 
side indicating its former double origin; but the two notochords still 
persist. 
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G. Later deyelopment. 

The peculiarities of later development can best be followed by 
the consideration of individual eggs. 

The blastopore in this egg (Fig. 1) closed in, leaving a small sized 
yolk plug. When the medullary folds rolled in the yolk plug was 
overgrown and its position marked on the surface by a small dent 
in the posterior third of the nervous system. This embryo shows in 
sections but one nervous system which posteriorly is undersized and 
deeply imbedded in mesoderm. Two notochords are present (Fig. 13) 
and the archenteron is arched in this region. It is difficult to tell 
whether the nervous system which persisted has come from the union 
of both sides, or whether it is the nervous system of one side only, 
— the one remaining, the other disappearing: but as the nervous 
system in the median and anterior region was of normal size (Fig. 12) 
I think that the smallness of the cord posteriorly was due to the 
pressure of the mesodermal thickening on the cord as well as to its 
formation from the union of two small cords and not to its origin 
from one side. I can bring forward no direct proof for this con- 
clusion. My argament rests on a knowledge of the conditions found 
in similar eggs of the same age and younger. The yolk plug causes 
at times a division of the nervous system and one half only continues 
to grow as in egg 2. Now if in such an egg the yolk plug were 
later overgrown, the nervous system ought to be smaller and deeply 
imbedded in mesoderm in that region and the archenteron ought to 
be arched and one notochord only should be present, as the material 
of one half has remained undeveloped. Since two notochords are 
present in the egg we are considering, it is probable that for a short 
distance two nervous systems were at first present which, after the 
overgrowth of the yolk plug, have grown together. 

Egg 2. 
In puncturing this egg (Fig. 2) the withdrawal of the needle 
caused the material to be extruded unevenly and so produced an 
irregular shaped gastrula. The blastopore lips closed in partially. 
When the medullary folds formed, the yolk plug was carried back 
and partly overgrown. At the end of two days when the embryo 
was killed there were present on the surface in the posterior region 
two yolk plugs. The development in the anterior part of the embryo 
is fairly normal. The brain and the anterior cord are fully developed 
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but from the middle of the embryo (Fig. 14) posteriorly the cord de- 
creases in size and is covered with mesoderm. In the tail there are 
present two yolk masses (Fig. 15) — an anterior one, smaller and 
superficial, and a posterior one, larger which is the tme yolk ping. 
The cells of the anterior yolk mass are cut off from the yolk cells 
inside. Beneath the plug is a small nervons system imbedded in 
mesoderm, and a large notochord. The archenteron still mns from 
side to side and finally opens out on the surface in the region of 
the second yolk plug just beyond the end of the nervous system. 
YHiile the original yolk plug was being carried back, probably the 
cells along its margin closed at some middle point dividing the yolk 
plug anteriorly and posteriorly. The sides of the nervous system 
rolled in and closed beneath the anterior yolk mass. 

Egg 3. 

When the medullary folds formed, the yolk plug was found to 
lie in the anterior middle part of the dorsal surface of the embryo 
(Fig. 3). The two halves of the nervous system formed separately. 
The sections show that in the anterior region (Fig. 16) the nervous 
system is normal in size and from it the eyes developed as out- 
growths. The region is beyond the area injured by the destruction 
of the dorsal lip and consequently the development is from both sides 
of the embryo. The destruction of the dorsal lip caused a separate 
development of the embryo posterior to it. Behind the right eye a 
second nerve tube is formed (Fig. 17). This second nerve tube runs 
a short distance by itself before it joins the main nervous system 
of the embryo (Fig. 18). The walls of the first and second nerve 
cords are continuous, though the canals are not quite united. At the 
very anterior end the archenteron has a more central position. It 
soon moves upward and to the right side and finally comes to the 
surface between the two nerve cords (Fig. 19). The archenteron is 
arched and moves from its central position to one nearer the surface 
sometime before it opens out. The two nervous systems had a separate 
origin. The study of the sections agrees, therefore, with observations 
I made on the living egg, — namely, that the yolk plug is carried 
backwards during the growth of the medullary folds and prevents a 
union of the two halves of the embryo. The notochord of each half 
arose independently, and the two never connected. The material 
of one side of this embryo gave rise to a nervous system having 
nearly a whole form, although reduced in size. In those embryos 
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in which the presence of the yolk plug causes a division of the 
material posterior to it the tail knobs are formed separately and its 
halves never united. When the yolk plug has been entirely over- 
grown the material of the tail is often rearranged, and the tail grows 
upwards at right angles to the main axis of the body or even curls 
back on the embryo. 

Egg 4. 
In injuring this e^ (Fig. 4], when the needle was withdrawn 
more material than usual was extruded and the blastopore never 
closed altogether. The head of the embryo is much shortened and 
twisted, and there is a large yolk plug in the posterior region. The 
sections show that the brain and eyes are absent The most an- 
terior sections (Fig. 20) show a single nerve tube, continuous with 
the left cord, at the sides of which the ear pits are forming. Secti- 
ons a little further back (Fig. 21) show the anterior end of the right 
cord and still further back (Fig. 22) the right and left cords come 
together, their walls touching but not fasing. Almost immediately 
the two separate again and the yolk plug appears between them 
(Fig. 23). The left nerve tube runs only a short distance. It begins 
to disappear as soon as it reaches the yolk plug and all that re- 
mains in the posterior region is an ectodermal tiiickening. There 
is no notochord belonging to the left side. On the right side the 
outer wall of the nerve cord is thick while the wall next to the 
archenteron is thin, indicating that it is not a » whole « nervous 
system reduced in size, but a half nerve tube. The notochord is 
present on the right side. The archenteron runs from one side of 
the egg to the other, even in the anterior end. Here as in £gg 3 
the yolk plug has caused a separation of material posterior to it. 

Egg 5. 
In this egg (Fig. 5) it was observed that the blastopore did not 
close in entirely and the yolk plug was still present when the me- 
dullary folds were rolling in. It was later overgrown and its posi- 
tion marked on the surface by a thickening on either side of the 
tail. When the sections of this embryo were studied they showed 
apparently a very one-sided development. In the very anterior end 
(Fig. 24) the nervous system is normal size and the notochord 
lies on the extreme left side. In the median region (Fig. 25) the 
cord is on the left, is imbedded in mesoderm, and is smaller. The 
canal is nearer the right wall than the left. The mesoderm is 
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mnch developed on the left side, whereas on the right there is 
almost none. The archenteron lies to the left of the centre. In the 
posterior region (Fig. 26} the development is even more confined to 
the left side. There is a break in the ectoderm and mesoderm jnst 
to the right of the centre showing where the yolk plug was more 
recently overgrown. The size and position of the nervous system, 
notochord, archenteron, and mesoderm in the tail indicate that the 
development is strictly one-sided. Except for the position of the 
notochord the relation of the parts of the embryo in the head is 
normal; that is, development has taken place on both sides. From 
the history of the embryo and from a study of the sections I con- 
clude that the development in the anterior region is from both sides 
and that in the median and tail region it is confined to the left side. 
In other eggs killed younger than this one as Egg 2 for example 
I often found that a yolk plug caused a division of the material 
and that the nervous system posterior to it developed only on one 
side. Egg 5 is probably an older stage of such a case. 

Egg 6. 

This ring embryo (Fig. 6) is chiefly interesting because more 
than half an embryo has developed from one side. On the right 
side the nervous system and the notochord have formed and meso- 
derm is present on both sides (Fig. 27). The development on the 
left side is a half embryo. 

Egg 7. 

The development of the left side, in this embryo (Fig. 7) is 
more than half. The notochord is present with mesoderm on both 
sides and the nervous system above it (Fig. 29). The nerve cord in 
the right side, is represented by an ectodermal thickening. 

I found other embryos similar to these two but showing nottiing 
essentially new. 

Experiment II. 

Twenty eggs were stuck (Fig. VII) on the first appearance of 
the dorsal lip at a point nearly opposite to it on the white hemi- 
sphere about 150 degrees away. When the ventral lip formed 
(Fig. VIU) the exovate was found to be on its edge although the 
injury had been made higher up on the egg. In some cases, 
when the exovate was small, it was overgrown; but usually the 
blastopore did not close in completely owing to the presence of the 
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exoYate at the yentral lip. The destmction of the region of the 
ventral lip leads to the appearance of a dorsal yolk plug in the 
posterior region of the embryo. 

Figs, vn— xn. 
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Experiment III. 

Twenty eggs were punctured on the left side (Fig. IX) in the 
region from which the lateral lips of the blastopore develop half 
way between the dorsal and ventral lips at the time when the dorsal 
lip appears. The exovate (Fig. X) retarded the closing in of the 
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blastopore. In those e^s in which the exovate still remained it was 
attached to the lateral lips. 

Similar experiments were carried ont on other e^s pnnctnring 
them at different points along the lateral line between the dorsal 
and ventral lips. Here too the exovate was attached to the lateral 
lips of the blastopore and retarded its closnre. 

From this experiment and experiment I and 11, we mnst con- 
clude that there is an active growing area extending around the 
equator of the egg from which the sides of the embryo are formed. 
An injury anywhere in the lower hemisphere usually delays the 
closure of the blastopore. 



Experiment IV. 

In injuring the dorsal lip of the blastopore an exovate is pro- 
duced in the region of the smallest cells and therefore in the most 
actively growing and moving area. Such an exovate cannot be used 
as a definite point for marking the relative growth and closure of 
the blastopore. On the other hand the yolk cells of the lower pole 
are large and comparatively immovable and therefore an exovate in 
this region can be used to better advantage as a point to indicate 
the movement of the blastopore lips. With a very fine needle I 
punctured 100 eggs in the median yolk region just after the blas- 
topore had become circular (Fig. XI). Out of this lot I selected 
30 eggs in which I considered the exovate to be equidistant from 
all sides of the blastopore. After puncturing, each egg was fastened 
by its membranes with spun glass and needles to parafGne in the 
bottom of a watch glass and a mark made on the paraf&ne corre- 
sponding to the position of the dorsal lip on the egg. In the early 
stages of the circular blastopore the dorsal lip is marked by a deeper 
indentation which can easily be detected with a hand lens; but to 
avoid any mistake I kept many of the eggs orientated until the 
medullary folds appeared — thus making certain the location of the 
dorsal lip. In every case I found that at the end of two hours the 
dorsal lip was one third nearer the exovate than either the lateral 
or ventral lips (Fig. XII). And in three to four hours the dorsal 
lip had approached the exovate and had overgrown it During the 
fourth hour the dorsal lip pushed on beyond the yolk pole; the 
dorsal lip had travelled over about two thirds of the yolk area. 
This experiment proves, first, that the dorsal lip of the blastopore 
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progresses to a point beyond the yolk pole, and secondly, that from 
the time the blastopore becomes nearly circolar the dorsal lip moves 
about one third faster than do the ventral or lateral lips. If the 

Figs, xni— XX. 




xviir 



dorsal lip moves faster in late stages, it is probable that in the 
earlier stages it also moves more rapidly. In fact, Morgan's ex- 
periments go to show that this is the case. 
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Experiment V. 

The left half of the dorsal lip was stuck on its first appearance 
(Fig. Xni) and an exovate was formed. The right side of the dorsal 
lip extends aronnd the egg and the ventral lip often forms before 
the left part of the dorsal lip appears (Fips. XIV and XV), and when 
it does the new left side of the dorsal lip is formed beyond and 
under the exovate i. e. (more in the jolk area than the first position 
of the left side of the lip). The destruction of the left half of the 
dorsal lip leads, in the main, to the same result as does the destruc- 
tion of the dorsal lip. In some eggs the exovate is overgrown and 
the meeting of the ectoderm over it is indicated on the surface by 
a crooked line. Normal embryos result The exovate, in other 
eggs (Fig. XVII), was so large as to retard the closure of the blasto- 
pore. A protruding yolk plug is formed in the centre of the yolk 
hemisphere with an exovate on the left side of the yolk plug. 
When the medullary folds appear in such eggs the yolk plug is 
found to lie in the middle part of the dorsal surface of the embryo. 
Many of the embryos in this experiment bend over to the left side 
(Figs. XVin, XIX and XX) ; but in the course of two or three days 
such an embryo straightens itself. The bending was probably due 
to the material lost in removing the left part of the dorsal lip and 
also to the subsequent slower growth of the left half of the embryo, 

I had hoped by injuring the left part of the dorsal lip to be 
able to produce embryos in which the right side would produce 
more than a half structure, such as I had sometimes obtained in 
destroying the whole dorsal lip. No such results were obtained. 
In all cases the right side produced its half embryo. 

Review. 

Ikeda in his recent paper on »The Mode of Blastopore Closure 
and Position of the Embryonic Body«, has considered many of the 
same questions that I have examined in this paper, but he has 
reached quite different conclusions. He claims that his observations 
show that the normal course of development is not followed in eggs 
that have been punctured. Ikeda maintains that: 

1) The exovate caused by puncturing the egg is a fixed point 
2] There is an overgrowth of the ventral and lateral lips to meet 
the exovate when the dorsal lip is destroyed. 
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3) On iigaring the egg in one or more places at or below the 
level of the dorsal lip, the blastopore closes at the point of greatest 
injury. 

4} Hence the location of the embryonic body may be either on 
the npper or the lower hemisphere or partly on both. 

5] And therefore the method of normal development cannot be 
determined from the study of embryos that have been injured. 

All these conclusions are based on the assumption that the 
exovate is a fixed point If it can be shown that the exovate is 
not a fixed point, Ikeda's conclusions fall to the ground. His work 
was done on another species of frog and it is possible that a differ- 
ent mode of development may be followed in that species, but 1 
do not think it is probable. In those eggs in which I produced an 
exovate at any point along the equator I found that as the blasto- 
poric rim moves over the yolk surface the exovate must either move 
with it or become detached. In either case the exovate ceases to 
be a fixed point. If the injured dorsal lip together with the exovate 
moves backward over the lower hemisphere, as I have shown is 
the case, there is no need to assume that the reduction of the 
blastopore is brought about by the forward growth of the ventral 
and lateral lips, as Ikeda claims. The same explanation can be 
applied to another proposition that Ikeda makes, ~ namely, that 
the blastopore always closes at the point of greatest injury. When 
the exovate lies along the equator of the egg it is later carried away 
by the edge of the blastopore which is growing down over the sur- 
face of the egg. Hence while the blastopore seems to close at the 
point of greatest injury, in reality the exovate has been carried down 
to the point at which the blastopore closest I conclude from the 
evidence of my experiments, that the exovate is not a fixed point; 
and if there is no more than normal forward growth of the ventral 
and lateral lips over the yolk; and if the blastopore does not close 
at the point of greatest injury, then the position of the embryo on 
the egg is not indifferently on the upper or lower hemisphere sur- 
face, as Ikeda maintains, but confined mainly to the lower hemi- 
sphere and hence normal development can be at least partially de- 
termined from the study of injured eggs. It is true that if a very 
large exovate is formed the contents of the egg may be drawn over 
towards the region of injury and the closing of the blastopore in- 
terfered with and the development soon brought to a standstill. 
Extensive injuries of this kind cannot however fairly be brought 

ArehiT f. BntwioklnngnBeehBiiik. XYIII. 34 
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forward as evidence to show Aat mnaller injuries to the egg eannot 
be nsed wiA caution to farnish evidence as to the nonnal develop- 
ment. 



Summary. 

When the dorsal Up of the blastopore is stuck with ^ cold 
needle so that its material protrudes, the following changes oceur: 

a) A new dorsal lip may form below the original lip and grow 
slowly and normally over the yolk; or, 

b) When the median part of the dorsal lip does not reappear 
and an exovate is formed there, the lateral lips move down over the 
yolk surftM)e carrying the exovate along with them; or, 

c) A small exovate is sometimes overgrown by the sides of the 
blastopore lips and the point of meeting of the ectoderm over the 
exovate is marked by a seam. The seam increases in length as the 
blastopore moves down. The distance which the dorsal lip has 
travelled is thus marked on the surface. 

d) Owing to the retarding eflfect of the exovate the blastopore 
closes in at the lower pole of the egg, rather than further on as in 
the normal egg. 

e) The embryo develops mainly over the lower hemisphere; the 
head forming in and just beyond the region in which the dorsal lip 
was first seen, and the tail appearing at a point on the lower hemi- 
sphere nearly opposite (Roux). 

f) The notochord develops at a later period than in the normal 
embryo. 

g) When the medullary folds roll in a yolk plug is usually 
present in the middle of the dorsal surface of the embryo (Roux). 

h) While the medullary tube is forming the yolk plug is gene- 
rally carried back and overgrown from the sides. 

i) The presence of the yolk plug delays or prevents the union 
of the halves of the embryo posterior to it. 

j) In some embryos in which the yolk plug was early over- 
grown the separate parts of the nervous system unite but the result- 
ing cord is always small and imbedded in mesoderm. 

k) The presence of a yolk plug may cause a separate develop- 
ment of the halves of the embryo both anterior and posterior to the 
plug. Just in front of the yolk plug the walls of the both nervous 
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systems may fiise though the canals are never continuous. The 
notochords are separate in origin and never unite. 

1) Only one half of the embryo posterior to the yolk plug may 
continue to develop. 

m) In some few embryos the material of one side only may 
give rise to a nervous system having nearly a whole form, with the 
notochord just beneath, and mesoderm on either side of the noto- 
chord; i. e. an embryo that is more than a half on one side. 

It was found that when exovates were produced (at the time 
of the first appearance of the dorsal lip of the blastopore) just below 
the equator of the egg in the regions where the ventral or lateral 
lips would later form that: 

a) When the blastopore appears the exovate is attached to the 
edge of the lip, which shows that the sides of the embryo are formed 
from the material that lies just below the equator of the egg. 

When an exovate was produced at the lower pole in the yolk 
just after the blastopore had become circular it was found that: 

a) From the time the blastopore becomes circular the dorsal lip 
moves Ya f^ter than do the ventral and lateral lips. 

b) The blastopore closes in the normal egg at a point beyond 
the lower pole. 

When the left part of the dorsal lip is removed with a cold 
needle: 

a) The right side of the dorsal lip extends around the egg and 
the ventral lip often appears before the left part of the dorsal lip 
is formed again. 

b) The exovate, in those eggs in which the blastopore does not 
close completely, lies to the left of the centre. 

c) Some of the embryos are bent to the left side, but in the 
course of two days straighten themselves. 

d) When, as in this experiment, one side of the early blasto- 
pore is destroyed, more than half an embryo did not develop on the 
other side. 

April, 1904. 

Bryn Mawr College, Bryn Mawr, Pennsylvania. 
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Zusammenfassung. 

Sticht man mit einer kalten Nadel in die dorsale Blastoporuslippe so ein, 
da6 ein Vorfall des Bildangsmaterials erfolgt, so kommt es zn folgenden Ver- 
anderongen : 

a) Eine nene doraale Lippe kann sich unter der ursprUnglichen bilden nnd 
sich allmahlich in normaler Weise tiber den Dotter ausbreiten, oder 

b) wenn der mediane Teil der dorsalen Lippe nicht wieder erscheint und 
an ihrer Stelle ein Extraovat entsteht, so riicken die seitlichen Lippen ttber die 
Dotteroberflilche herab, indem sie das Extraovat mit sich fortschieben, oder 

c) es wird ein kleines Extraovat manchmal von den Blastoponisriindem 
von der Seite her tiberwachsen und der Vereinignngspnnkt des Ektoderms ttber 
dem Extraovat durch eine Naht bezeichnet. Diese Naht wachst mit dem Ab- 
wartsrticken des Blastoporus in die Lange. Dadarch wird der von der dorsalen 
Lippe zurUckgelegte Weg an der Oberfliiche markiert. 

d) Infolge des verzogernden Einflusses des Extraovats schlieBt sich der 
Blastopoms haofiger schon am unteren Eipole, als jenseits desselben, wie beim 
normalen Ei. 

e) Der Embryo entwickelt sich hauptsUchlich ttber die ontere Hemisphlire 
hin: Der Kopf bildet sich in and dicht neben dem Bezirk, wo die dorsale Lippe 
znerst aaftrat, und der Schwanz erscheint an einem nahezu entgegengesetzt 
liegenden Punkt der unteren Heraisphare !Roux\ 

f, Die Chorda entwickelt sich in einer spateren Periode als beim nor- 
malen Embryo. 

g) Sind die MeduUarwUlste angelegt, so zeigt sich ein Dotterpfropf ge- 
wChnlich in der Mitte der Embryorttckenflache Roux). 

h) Bei der Bildung des MeduUarrohrs rUckt der Dotterpfropf im allgemei- 
nen nach hinten und wird von den Seitenwlinden uberwachsen. 

i; Die Gegenwart des Dotteq^fropfs verzOgert die Vereinigung der nach 
hinten von ihm gelegenen EmbryohUlften. 

j) Bei einigen Embryonen, in denen der Dotterpfropf frUhzeitig ttberwach- 
sen wurde, vereinigten sich die getrennten Teile des Nervensystems, aber der 
sich ergebende Strang ist immer klein, schmal nnd in Mesoderm eingebettet. 

k) Die Gegenwart eines Dotterpfropfs kann getrennt^ Entwicklung der 
EmbryohUlften veranlassen, sowohl vor wie hinter dem Dotterpfropf. Gerade 
vor dem Dotterpfropf kOnnen die Wande der beiden Nervensysteme verschmel- 
zen, aber die ZentralkanUle liegen nie in einer geraden Linie. Die Chordae sind 
ursprttnglich getrennt und vereinigen sich nie. 

1) Es kann die eine HUlfte des Embryo, welche hinter dem Dotterpfropf 
gelegen ist, allein die Entwicklunj^ fortsetzen. 

m^ In einigen wenigen Embryonen kann das Material nur einer Seite allein 
ein Nervensyetem von anniihernder VoUstJindigkeit hervorbringen, mit der Chorda 
unmittelbar unter ihm und Mesoderm zu beiden Seiten der Chorda, d. h. einen 
Embryo, welcher mehr als die Hiilfte auf einer Seite darstellt. 

Bei der Erzeugung von Extraovaten fzur Zeit des ersten Erscheinens der 
dorsalen Blastoporuslippe) gerade unterhalb des Eiiiquators in der Gegend der 
spateren unteren und seitlichen Blastoporusrander fand sich folgendes: 

a) Beim Erscheinen des Blastoporus bleibt das Extraovat am Rande der 
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lippe haften, worans also hervprgeht, da(3 die Embryoseiten aus dem onmittel* 
bar nnterhalb des Eiiiqaators liegenden Material gebildet werden. 

Bei der Entstehnng eines Extraovats am Dotter, am nnteren Pol, korz 
nach dem Ereisf^rmigwerden des Blastopoms, wurde folgendes beobachtet: 

a) Vom Zeitponkt des Ereisft^rmigwerdens des Blastopoms an bewegt sich 
die dorsale Lippe am ein Drittel schneller als dies die ventrale nnd die Seiten- 
lippen ton. 

b) Der Blastopoms schlieOt sich beim normalen £i an einem jenseits des 
nnteren Poles gelegenen Pankt. 

Nach Entfemnng des links gelegenen Teils der dorsalen Blastopomslippe 
mit einer kalten Nadel ergab sich: 

a) Die rechte Seite der dorsalen Lippe dehnt sich mnd nm das Ei ana 
nnd die ventrale Lippe zeigt sich Ofter, bevor der linke Teil der dorsalen Lippe 
wieder gebildet ist 

b) Das Extraovat liegt bei den Eiem mit unvollstandigem SchloB des 
Blastopoms links vom Zentmm. 

c) Einige von den Embryonen erschienen nach links verbogen, streckten 
sich aber wieder im Verlanf von 2 Tagen. 

d) Wird, wie bei dem vorliegenden Versuch, eine Seite des eben gebildeten 
Blastopoms zerstQrt, so entwickelte sich nicht mehr als die HSlfte eines Embryo 
anf der andera Seite. 



Explanation of Plates. 

Plates XXIX and XXX. 

Figs. 1—11. Surface views of embryos in which the dorsal lip of the blasto- 
pore had been earlier removed. 

Fig. 1. An embryo in which after the yolk plug was overgrown the 
nervous system of each side united. 

Fig. 2. An embryo in which the nervous system has rolled in and 
formed beneath the yolk plug. 

Fig. 3. An embryo in which the presence of a yolk plug has caused 
the separate development of each half. 

Fig. 4. The anterior part of the embryo (the brain and eyes) are absent 
Two nerve cords, separate in origin, are present. 

Fig. 6. The nervous system in the posterior region has been derived 
from the material of one side only. 

Figs. 6 and 7. Eggs in which more than half an embryo has developed 
on one side. 

Fig. 8. Posterior to the yolk plug the halves of the embryo have not 
united into a whole stmcture. 
Figs. 9—11. To show the method of overgrowth of the yolk plug. 

Fig. 9. The yolk plug is present in the middle of the dorsal surface 
of the embryo. 

Fig. 10. The yolk plug has become smaller and has been carried 
further back. 

Fig. 11. The yolk plug has been entirely overgrown and its position 
in the tail marked on the surface by a depression. 
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Figs. 12 and 13. Seetions throngb the middle and posterior region of egg 1, 

Fig.l. 
Figs. 14 and 15. Sections through the middle and posterfor legion of 9gg 2, 

Fig. 2. 
Figs. 16, 17, 18 and 19. Sections through the anterior and middle part of egg 3, 

Fig. 3. 
Figs. 20, 21, 22 and 23. Sections through the anterior and middle part of egg 4, 

Fig. 4. 
Figs. 24, 25 and 26. Sections through the anterior, middle and posterior region 

of egg 5, Fig. 5. 
Fig. 27. Section through the middle of egg 6, Fig. 6, showing that more than 

half an embryo has developed on one side. 
Fig. 28. A part of Fig. 29 enlarged to show the separation of the notochord 

f^om mesoderm. 
Fig. 29. Section through the middle of egg 7, Fig. 7. 
Figs. 30, 31 and 32. Sections through an embryo showing the origin of the 

notochord from mesodermal and ecto-endodermal cells. 
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The Relation Between Normal and Abnormal Develop 
ment (IV), as Determined by Roux's Experiment of Injur- 
ing the First Formed Blastomeres of the Frog's Egg. 

By 

T. H. Morgan and Ellen Torelle. 



With Plate XXXm. 



Eingegangen am 25. April 1904. 

The object of the experiments described in the following pages 
was two-fold. In the first place we wished to make an examination 
of the immediate results of the operation, first carried out by Roux, 
of injuring with a hot needle one of the first two (or, in some cases, 
two of the first four) blastomeres of the frog's egg. In the light of 
the discussion that has taken place in the last few years in regard 
to the outcome of this operation it seemed worth while to make a 
careful examination of the eggs soon after they had been injured, 
in order to discover just what is accomplished by iiyuring the eggs 
with a hot needle. We wish to lay more emphasis on this side of 
our results, although we have also examined the later stages of 
development as well. 

In the second place, we have carried out another series of ope- 
rations which involves a different set of questions although at the 
same time the question as to the immediate results of the injury is 
the same here as in the first case. The presence of the »gray area« 
makes it possible to determine which of the first formed blastomeres 
lie on that side of the egg that usually gives rise to the head end 
of the embryo. By injuring them with a hot needle their develop- 
ment can be delayed, or even prevented, and the question arises 
whether under these circumstances the two 'posterior blastomeres* 
will give rise to the posterior end of an embryo. Roux has also 

36* 



536 T. H. Morgan and Ellen Torelle 

carried out a few experiments of this kind. He thought it probable 
that the uninjared part of the egg gives rise to the posterior part 
of an embryo — a suggestion that Hertwig has rediculed, although, 
as will appear, without sufficient justification. 

Into the controversies that have arisen over this experiment we 
have no wish to enter. In a sense the experiment has become a 
classic one in the study of experimental embryology, for, through it, 
Roux was lead to some important generalizations, which (together 
with the earlier experiments of PflOger on the frog*s egg) have 
been the point of departure for much of the later work. 

Roux's early experiments were made by making a needle quite 
hot and sticking with it two or three eggs successively. He states 
that, in this way, while the needle may have been too hot for the 
first egg, and too cold for the last one, in the second case it may 
have been at the temperature best suited to kill the injured blasto- 
mere but not to injure the other one; or the first egg may have been 
best in some sets, and the third in others. In this way, it may be 
true, a larger percentage of half-embryos may be obtained, but this 
method will not recommend itself when it is necessary to find out 
what changes the injury brings about in the egg, since it is not 
possible to tell, even approximately, which eggs have been injured 
to the same extent, and the subsequent development depends largely 
on the extent and the kind of injury caused by the hot needle. We 
have therefore adopted a somewhat different procedure. It was first 
determined by experiment about how hot the needle must be in 
order to insure that the injury be as great as possible to one blasto- 
mere without injuring the other. If the needle were made hotter 
than this, both blastomeres were usually killed or injured; if less, 
the blastomere that is stuck will later continue, often irregularly it 
is true, to divide. It is difficult, in fact, to prevent segmentation 
from taking place, though it is often confined to the upper region 
of the injured blastomere. 

The crudeness of this method of killing one of the blastomeres 
will we believe impress itself on any one who familiarizes himself 
with this experiment. Compared with the precision with which 
experiments can be carried out on the eggs of the sea-urchins, 
ctenophores, cerebratulus, and other marine forms, the experiment 
is primitive in the extreme. We may anticipate one of our con- 
clusions and state here that we have been much surprised to find 
how difficult it is to injure, or at least to kill, the nucleus of the 
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injured blastomere. Its small size, and the fact that it lies so 
deep in the protoplasm, probably accounts in part for its escape 
from the effects of the heated needle, which is no doubt greatly 
cooled before it reaches the region of the nucleus. Nevertheless, 
comparing all our results with those of Roux, we believe that the 
injury that we have made is as serious, if not more so, than that 
which he brought about. 

In the spring of 1902 one of us operated on over four hundred 
eggs of Rana pcdustris at the two-, and four-cell stages. The needle 
was intentionally made very hot and in consequence most of the 
eggs were completely killed; so that of those that survived it was 
quite certain that almost the maximum injury that they will stand 
had been done to them. In the best lots only from four to ten eggs 
out of each fifty turned out well. All of the eggs were kept under 
observation for several hours after the operation. It was found that 
when the needle was thrust into the egg as much as 45 degrees, or 
more from the top of the first furrow, that the upper part of the 
injured blastomeres almost invariably split off small cells, showing 
that the nucleus had not been seriously injured, if injured at all. 
When the needle was thrust in nearer to the top of the egg, some 
of the protoplasm of the other blastomere was generally injured 
although, as stated above, the nucleus nearly always escaped serious 
injury. 

In those cases in which the anterior two of the first four 
blastomeres were stuck the eggs were separated into two lots. In 
one lot, a), the injured half had subsequently divided (generally only 
at the top at first). The posterior lip of the blastopore appeared 
later on the uninjured side, but its appearance was generally delayed, 
and usually a pigmented line extended on one or both sides into 
the region of the injured half, where subsequently a dorsal lip 
sometimes appeared. When no segmentation took place in the inju- 
red cells, lot b), most of the egg died without forming a blastopore. 
In a few, a posterior lip appeared, but again it seemed that this 
took place in only those cases (possibly with rare exceptions) in 
which some evidence of the lateral lips could be detected on the 
injured half of the egg, showing that this part had not been com- 
pletely killed. 

In a few other experiments the two posterior blastomeres 
were stuck. If the injury was not too extensive, the anterior un- 
injured half of the egg produced a dorsal lip (as in the normal egg), 
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which grew downwards towards the injured half. Whether a half 
anterior embryo would develop in such cases, as Roux claims, or a 
whole embryo of half size, i. e., one reduced proportionately to the 
half size of the material, could not be determined definitely. No 
doubt either result might take place, depending upon whether or 
not the protoplasm shifted in the uninjured blastomere, and also 
possibly depending upon the extent of injury done to the injured 
cells, although this is more uncertain. 

Another possibility, which does not seem to have been fully 
considered heretofore, was also taken into consideration. An at- 
tempt was made to see if the results obtained are different if the 
operation is made at a time when the first cleavage furrow has just 
appeared, or if made at a time when the cell-wall has divided the 
contents of the egg into two parts. In the former case it is con- 
ceivable that the operation might prevent the further formation of 
the cleavage-furrow, and at the same time kill one of the first two 
nuclei, in which case the contents of the egg would remain con- 
tinuous, so that the injured side might become incorporated into the 
other half, a > postgeneration « of a rather unique kind. In fact, if 
sticking the egg before the cleavage plane has passed through pre- 
vents the further advance of this furrow, then it must often occur 
that the interior is continuous from side to side, because as a rule 
the first furrow is not usually completed until just before the second 
furrow appears, and it is during this time that the operation would 
be carried out. It has been shown by one of us that the develop- 
ment of the second spindles goes on during the time that the first 
furrow is completing itself They may develop so far that the 
chromosomes have divided at the equatorial plate by the time that 
the first furrow has reached the lower pole. 

The experiment showed that when one side was stuck before 
the furrow had gone very far that the furrow completed itself This 
might have been anticipated had it been known how seldom the 
nucleus of the blastomere is killed, and indeed it is not improbable 
that the division of the protoplasm might have completed itself even 
if the nucleus had been actually killed ^). The question of the im- 
portance of the cell wall will be later considered from a somewhat 
dift'erent point of view. 



1) As in those cases in which a piece of a dividing egg or of a proto- 
zoon is cut off and the division completes itself in the non-nucleated piece. 
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Daring the spring of 1903 we repeated these experiments and 
in the aatnmn and winter about 125 of the best eggs that had been 
preserved in Tarions stages were sectioned. 

In fifty-fiye eggs, one of two blastomeres were stuck; in seventy 
five, the two anterior of the first four blastomeres had been operated 
upon. Some eggs were preserved in formalin; but the greater number 
were killed in corrosive-acetic and preserved in alcohol. With the 
exception of about a dozen slides which were stained in Delafield's 
haematoxylin followed by Orange G, the sections were stained in 
borax carmine followed by Lyon's blue. 

The injured eggs were killed at regular intervals; either im- 
mediately after the operation, so that the effects of the injury could 
be noted; or after one-half, after one, two, three, four, six, seven, 
or eight hours. None were killed after the eight hour interval un- 
til twenty-four hours had elapsed, and after that, eggs were allowed 
to develop one, two, three, and five days. 

The needle was heated before each operation and applied at a 
point in the periphery as near as possible to the supposed position 
of the nucleus of the blastomere to be operated upon. Sections 
show, however, that it is seldom possible to kill the nucleus of the 
cell that is stuck, and very difficult to prevent injury being done to 
the protoplasm of the blastomere which is not operated upon. It is 
also practically impossible by this method to injure two of the four 
blastomeres exactly in the same way, or to the same extent, so 
that as will be seen hereafter the subsequent development of eggs, 
similarly operated upon, may be different. It is therefore impossible 
to obtain successive stages of development for comparison; i. e. out 
of serial sections of one hundred and twenty-five eggs, no one series 
can be used to absolutely determine what has taken place in an 
earlier or later stage of development in another series. 

The results of the operation can be described under two heads: 

1) Effects upon the nucleus. 

2) Effect upon the protoplasm and yolk. 

The nucleus of the injured blastomere is sometimes, although 
rarely killed. In about 10 per cent of the blastomeres operated 
upon, there is little doubt that the nucleus had been killed. The 
nucleus may remain uninjured, dividing normally ; or it may become 
fragmented or vacuolated. When the nucleus remains uninjured, it 
divides normally even in greatly injured protoplasm. The maximum 
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of injury to the protoplasm in which the nnclens can still divide 
cannot of conrse be determined from the sections. Karyokinesis is 
clearly seen to take place in the injnred as well as in the uninjured 
cells, nntil the beginning of gastralation. In cases of Tacnolisation, 
the nuclei become large and clear and threads and dots are seen in 
them. Sometimes the chromatin is aggregated at the side of the 
nuclear membrane. No diyision of these nuclei has been discovered 
although all the nuclei in the cellulated portion may be vacuolated. 
In early developmental stages, the nuclei are surrounded by dense 
pigment, and the nuclei themselves are large and do not stain deeply. 
In blastula and gastrula stages less pigment is present around the 
nuclei, and the latter are small and stain deeply. 

The protoplasm appears to be less resistent than the nucleus to 
heat and to mechanical injuries. The protoplasm may be displaced^ 
and a streaming movement seems frequently to follow the operation 
with a hot needle. In some cases, the walls between the injured 
and uninjured blastomeres are broken down, bringing about a mingling 
of the protoplasm. From this it is obvious that nucleolisation of 
the injured from the uninjured blastomere might easily take place^ 
if the nucleus of the injured blastomere were killed or its division 
delayed. In an egg so injured there is no evidence to show that 
the regular sequences of division follow; but sections do show that 
a small part of an egg, interiorly situated may become cellulated 
without giving any external evidence of the fact. Vacuolisation does 
not prevent the protoplasm from forming cells: on the contrary, 
greatly vacuolated protoplasm becomes cellulated and passes through 
the various developmental stages to the gastrula, beyond which it 
has not been observed. The protoplasm of the exovates is also 
frequently seen to become cellulated, the cell-division continuing for 
several days. 

The yolk is easily injured and becomes disorganized as a result 
of comparatively slight injuries. Division of the protoplasm follows 
nuclear division in the majority of cases; but nuclear division in the 
injured yolk frequently takes place without a corresponding division 
of the yolk. The peripheral portion, richer in protoplasm divides 
first in case of injury, and then division proceeds towards the in- 
terior of the yolk. 

In eggs killed immediately after the operation it is not possible 
to tell whether the nucleus of the operated blastomere has been killed. 
After an hour or more its condition can be more accurately ascertained. 
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Since it is practically impossible, with the method employed to in- 
jure all eggs in the same way or to the same extent; and since the 
subsequent history of an egg depends largely upon the extent of the 
injury, it is difficult to make a general statement of results. There- 
fore, in the following account, where a detailed description is 
given, the conditions in some individual eggs are taken as more or 
less typical of the conditions in all, although many different com- 
binations of conditions will remain unnoticed. The blastomere which 
has been operated upon is spoken of as » injured*; the blastomere 
not operated upon as » uninjured «. 

Eggs killed immediately after the operation or ten minutes later 
show one or more of the following conditions: 

Egg no. 1. No visible eflfect except an outflow of substance, 
and a heavy deposit of pigment in the injured region. 

Egg no. 2. The wall between the injured and uninjured blasto- 
meres has become ruptured, and a mingling of the contents of the 
two blastomeres has followed. 

Egg no. 3. The division-wall in this egg, stuck three-fourths of 
an hour after segmentation began, has disappeared. The nucleus of 
the uninjured blastomere is in karyokinetic division. The condition 
of the nucleus in the injured blastomere cannot be made out with 
certainty. 

Egg no. 4. In the interior of the egg, in the region of the 
nucleus, there are rather large areas of granular material, the origin 
of which is not clear. The nucleus of the uninjured blastomere is 
apparently uninjured and in process of division. The condition of 
the nucleus in the injured blastomere could not be ascertained. 

When killed one-half hour afl;er the operation the conditions appear 
to be similar to those described in eggs killed immediately. In some 
cases, the nucleus, but not the protoplasm of the operated blastomeres 
has divided, while the uninjured blastomeres show normal division. 
The granular areas already spoken of are often conspicuous. Injury 
to and displacement of the wall between injured and uninjured blas- 
tomeres as seen in Fig. 1 is frequent and in one case, at least, the 
yolk-parts had become continuous. 

After one hour, the egg may appear to be in the same condi- 
tion as those killed immediately after the operation; or the uninjured 
blastomeres may have divided normally, the injured abnormally, 
according to the extent of the injury. In this series the following 
conditions were found in three eggs: 
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Egg no. 1 (Fig. 2). Two of four blastomereB were stack. The 
division of the nncleos and of the protoplasm has proceeded nor- 
mally, the division taking place regularly but more slowly in one 
of the two iiyured blastomeres. In this blastomere, the nucleus only 
has divided preparatory to the fourth division while in the uninjured 
blastomeres the protoplasm also has divided. 

Egg no. 2. One of two blastomeres had been stuck. No nucleos 
found in the injured blastomere. Nuclear division had taken place 
in the uninjured blastomere. 

Egg no. 3. One of two blastomeres had been stuck. The wall 
between the injured and the uninjured blastomere had been drawn 
toward the point of injury and the nucleus and protoplasm of the 
injured blastomere had been displaced. 

After two hours, the protoplasm in the unii\jured blastomeres 
had divided, the nuclei of the injured blastomeres had also divided, 
but the protoplasm showed peripherally, indentations only, not com- 
plete division. 

In other eggs no changes seem to have taken place that are 
different from those shown when the egg was killed at once. For 
this series, the following cases will indicate the results: 

Egg no. 1. In this egg, the two anterior of the first four blas- 
tomeres had been stuck. In the two injured blastomeres, nuclear 
division had taken place, but the protoplasm gave no indications of 
division. One of the uninjured blastomeres had divided regulariy 
and corresponded to the normal 16-cell stage; the second uniiyured 
blastomere exhibited irregular indentations of the protoplasm only, 
but not complete division. The nuclei appeared normal and were 
surrounded by pigment. The cell-wall between the first two blasto- 
meres could not be found. 

Egg no. 2. One of two cells had been stuck. No division of 
the nuclei or protoplasm had taken place since the injury was made. 
The wall between the injured and the uninjured blastomeres had 
been ruptured in the middle third of the egg. 

Egg no. 3. The wall between the two uninjured blastomeres 
has become greatly displaced, but is not broken. The wall between 
the two injured blastomeres has disappeared except in the middle 
of the egg where it is present. No nuclear division has taken place 
in any blastomere. 

In sections of an egg killed after three hours, in which one or 
two blastomeres had been stuck, the uninjured blastomere has divided 
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normally and the nucleus of the injured half has divided several 
times, but no division of the protoplasm has followed. In sections 
of an egg where two of four cells had been operated npon, the 
walls had been broken down effecting an interchange of material be- 
tween the injured and uninjured blastomeres; nuclei in karyokinetic 
division were seen, but neither protoplasm nor yolk have divided. 

An egg killed four hours after an operation on one of two 
blastomeres showed the uninjured blastomere in a stage correspond- 
ing to a normal one-half-16-cell stage; i. e., it contained eight cells 
with the planes of cleavage normal. The nucleus in the injured 
blastomere had been killed. 

In four eggs, in which two of four blastomeres had been oper- 
ated on, the yolk-part had not divided; in two of these eggs the 
entire protoplasmic part had divided; in the other two, the more 
protoplasmic part was nucleated but not cellulated. 

After six hours, an egg in which one of two blastomeres had 
been stuck showed no indications of cell-walls, but several nuclear 
divisions had taken place. In another, the upper hemisphere had 
divided and appeared like that of a normal morula; no division of 
the yolk could be made out, although a few nuclei were seen in it. 
The middle of the yolk had become disintegrated. 

In an egg killed after six hours, in which two of four blasto- 
meres had been stuck, no cell-walls could be seen, but the nuclei 
were dividing. In another, the entire upper half of the uninjured 
blastomere had divided, and corresponded to a normal 16-cell stage, 
but the yolk contained no nuclei. 

Fig. 3 represents a section through an egg in which two of four 
blastomeres were stuck. The demarcation line between one injured 
and one uninjured blastomere is very distinct, as seen in the figure. 
The uninjured blastomere has divided normally and delamination has 
begun. The nucleus of the injured blastomere has divided and the 
nuclei are surrounded by dense pigment deposits, but no cell-form- 
ation has followed. In sections through the other injured and un- 
injured blastomeres of the same egg (not figured) the more proto- 
plasmic part of the injured blastomere has divided, the yolk is 
nucleated but undivided. This egg illustrates the complexity of the 
conditions following an injury to two of four blastomeres and shows 
how unsafe it is to draw conclusions from comparatively late stages 
of development only; for, in the blastula and gastrula stages, the 
boundaries between the blastomeres become less distinct, and it is 
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impossible to determine absolutely the origin of certain cells the 
position of which leaves their origin in doubt 

After seven hours, when two of four blastomeres had been 
stuck, the uninjured blastomeres exhibited an irregular division cor- 
responding to the normal morula-stage, while a few cells had formed 
in the injared ones, farthest from the point of injury. 

After eight hours an egg in which one of the first two blasto- 
meres had been stuck, shows a great number of nuclear divisions 
in the upper half of the egg, but the nuclei are vacuolated; granular 
areas appear in the yolk, and there are indications of cell-division 
in the lower hemisphere. 

Between the eight and twenty-four hour series, no eggs were 
killed. In sections of embryos killed twenty-four hours after 
sticking one of the first two cells, the following results were ob- 
tained: 

Egg no. 1. The walls between the injured and uninjured blasto- 
meres seem to have disappeared, and the entire protoplasm and yolk 
of the two have become greatly vacuolated; nevertheless, both proto- 
plasm and yolk are nucleated throughout, but no cells have formed 
in any part. The nuclei are surrounded by pigment. 

Egg no. 2. The more protoplasmic part of both injured and 
uninjured blastomeres has divided, but a blastula cavity has not 
formed, and the yolk is not nucleated. The cells are round, and 
those in the interior are sometimes smaller than those at the surface. 
The nuclei are surrounded by pigment. 

Egg no. 3. The more protoplasmic parts of both injured and 
uninjured blastomeres have become cellulated, and a portion of the 
yolk adjacent to the cellulated protoplasm has divided. No blastula- 
cavity has formed, and the cells are round or irregular in outline. 
The condition of the nuclei could not be ascertained. 

Egg no. 4 (Fig. 4). One of two blastomeres had been stuck. 
The entire uninjured blastomere has divided. The protoplasmic 
portion of the injured blastomeres is nucleated; the yolk-part is 
sparcely nucleated. The uppermost portion is divided into cells 
continuous with those forming the roof of the segmentation-cavity. 
In the periphery of the injured blastomere and close to the point 
of injury, at a point farthest from the cellulated parts of the un- 
injured blastomere, a small group of cells is seen. Since this group 
of cells is removed from the uninjured blastomere and connected 
with the other cells by only a single line of superficial and imper- 
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fectly separated cells, there can be little doubt that the nnclei of 
these cells have been derived from the nucleus of the injured blas- 
tomere. Fig. 5 represents a section of the same egg cut at a dif- 
ferent level. This shows the injured part nucleated but not cellu- 
lated. 

In the following series, two of the first four blastomeres were 
injured, and the eggs killed after twenty-four hours: 

Egg no. 1. The protoplasmic part of the two injured blasto- 
meres has divided into large and irregular cells containing nuclei 
surrounded by dense pigment. The yolk-part of the injured 
blastomeres contains a few nuclei, but no cells have formed and a 
blastula-cavity is not present. The protoplasm of the uninjured 
blastomeres has also divided irregularly. A blastula cavity is present 
with the undivided but nucleated yolk as the floor. 

Egg no. 2. The injured blastomeres contain a few large scat- 
tered nuclei surrounded by dense pigment. Whether cells have been 
added to the roof of the segmentation cavity from the injured blasto- 
meres cannot be determined. The uninjured part is divided. 

Egg no. 3. There is a clear demarcation line between the in- 
jured and the uninjured blastomeres. The entire protoplasm and 
yolk of one uninjured blastomere has divided, a well developed 
»half« segmentation cavity is found in the cellulated part. The 
protoplasm of the second uninjured blastomere has also divided, 
with the exception of a portion adjacent to one of the injured blasto- 
meres in which no nuclei can be seen. The more protoplasmic part 
of the two injured blastomeres is nucleated and a few cells lying at 
the edge of the segmentation-cavity, have become separated off. 

Egg no. 4. Injured and uninjured blastomeres have divided into 
about twenty cells. The nuclei appear normal and are surrounded 
by dense pigment. 

Egg no. 5 (Fig. 6). The walls between the two injured and the 
two uninjured blastomeres are distinctly seen, and is unbroken through- 
out its extent. The uninjured blastomeres have become cellulated, 
the cell-walls being indistinct in the yolk-part. A blastula-cavity 
has formed and presents the appearance of a »half-blastula« cavity. 
The material of the injured blastomeres is nucleated, the nuclei being 
surrounded by dense pigment. A * single cell has formed at the 
surface of the more protoplasmic portion of one injured blastomere, 
not far from the boundary between the injured and uninjured blasto- 
meres. But since the first wall between the two blastomeres giyes 



546 T. H. Morgan and Ellen Torelle 

no eridence of haying been broken, and since this cell is not imme- 
diately adjacent to the cells of the aninjured blastomere, it is pro- 
bable that the cell has formed about a nucleus which originated 
from the nucleus of the injured blastomere. The exoyate is not 
large and appears to contain no nuclear material. 

In eggs killed forty-eight hours after one of two blastomeres 
has been operated upon, the following results were obtained: 

Egg no. 1 (Fig. 7). In this egg the yolk of the uninjured blasto- 
mere is not completely diyided, the more protoplasmic part, howeyer, 
is diyided into small cells. A large segmentation-cayity is present 
the roof of which extends oyer onto the injured side. No nuclei are 
present in the yolk of the injured side below the leyel of the in- 
jury which is somewhat to the side. Whether the cells of the roof 
of the segmentation-cavity on the injured side haye come from the 
nucleus of the injured blastomere, or whether the cells of the un- 
injured side haye extended oyer in this direction, cannot now be 
definitely determined. 

Egg no. 2. The egg is filled with pigment-spots containing, 
without doubt, nuclei. The only cells present are, curiously enough, 
those in the region of the injury. The other half and much of the 
injured part is not cellulated. 

When the two anterior of the first four blastomeres were stuck 
and the egg killed after forty-eight hours, the following conditions 
were seen: 

Egg no. 1 (Fig. 8). Both of the uninjured blastomeres haye 
divided, the boundary between the injured and the uninjured being 
clearly marked in the yolk-region below the blastula-cavity. In the 
roof of the cavity, the material of which has diyided very atypically, 
the wall between the blastomeres seems to have disappeared and the 
material of the blastomeres has become continuous. The injured 
blastomeres are yacuolated but nucleated. It is not .possible to as- 
certain definitely whether any cells haye formed in the more proto- 
plasmic part near the roof of the blastula-cavity. In the uninjured 
blastomeres an invagination has begun, which is probably the posterior 
lip of the blastopore. 

Egg no. 2. The more protoplasmic parts of both injured and 
uninjured blastomeres haye diyided, and exhibit small, round cells, 
with apparently normal nuclei. The yolk of the injured blastomeres 
has become nucleated but not cellulated; the yolk of the uninjured 
blastomeres is cellulated, the nuclei normal, and an invagination, 
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probably Ae posterior lip of the blastopore, has begun. The exoYste 
exhibits cells which appear in form and size, like those of the eel- 
Imlated protoplasmic parts in the blastomeres. 

Egg no. 3. There is a clear demarcation line between the in- 
jured and uninjured blastomeres. The peripheral portion only of a 
part of the more protoplasmic region of the injured blastomeres has 
divided, and the yolk is greatly vacuolated and disorganized. Both 
protoplasm and yolk of the uniiyured blastomeres have divided and 
the nuclei are small and deeply stained. 

Egg no. 4 (Fig. 9). In this egg there is a large segmentation- 
cavity covered by a roof of small cells (three or four layers deep). 
The protoplasm and - the yolk of the uninjured side is divided 
into cells that appear to be normal. An indentation on the side, 
produced by the drawing in of yolk-cells whose outer ends are 
pigmented, probably represents a blastoporic rim (posterior lip?). 
The yolk of the two injured cells below the region of injury is 
entirely without nuclei. This means, either that nuclei of the two 
injured cells have been drawn out into the exovate (of which there 
is no direct evidence and which has not been shown in any other 
case) and the roof of the segmentation cavity has extended over to 
the other side, or, the upper part of the injured blastomeres have 
divided and helped to form the roof of the segmentation-cavity, but 
none of the nuclei have been able to pass through the injured region 
into the yolk below. 

Egg no. 5. The two uninjured blastomeres have divided re- 
gularly and exhibit normal cells and nuclei. The peripheral proto- 
plasm of the two injured blastomeres has divided normally, and, 
together with the two uninjured blastomeres, formed an abnormal 
gastrula having a very large yolk-plug. The invagination is deep 
on the uninjured side, and is pigmented, resembling more the pos- 
terior end of the gastrula. Only faint traces of the dorsal lip can 
be seen and even this is uncertain. 

Egg no. 6. The protoplasmic parts of the injured and uninjured 
blastomeres have become greatly vacuolated. A superficial group of 
cells containing abnormally large nuclei has formed on the top of 
the egg. There are no other cells. The yolk has become nucleated 
ihroughojit, but not cellulated. A blastula cavity is not present, but 
large vacuoles are found in the interior of the egg. 

Egg no. 7. The more protoplasmic parts of the two uninjured 
blastomeres have divided into irregular cells, some of which contain 
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abnormal naclei, others apparently normal nuclei. The yolk is 
vacuolated but nucleated, and in the region adjacent to the cellulated, 
more protoplasmic parts, it is also cellnlated. The protoplasm of the 
injured blastomeres is cellnlated only at the surface and adjacent to 
the injury, because here the protoplasm has accumulated after the 
outflow following the injury. The yolk of the injured blastomeres 
has become nucleated, but no cells have formed. 

The embryos killed after three and after five days were all from 
eggs in which the two anterior of the first four blastomeres had been 
stuck. A detailed description is unnecessary as the conditions are 
in many ways similar to those described for the forty-eight hour 
series, with the difference that some of the eggs had advanced 
further in development. Among the eggs killed after three days, 
some had not gone further than the blastula-stage, others had gas- 
trulated. In the greater number, the protoplasm of the entire egg 
is divided, and the yolk is sometimes nucleated, sometimes non- 
nucleated, but usually, even when nucleated, not cellnlated. In many 
such embryos, particularly in those which had gastrulated, the nuclei 
are small, round, and deeply stained, the cells small and regular. 

Figs. 8, 10, 11, 12, represent transverse sections through the 
anterior, middle, and posterior regions of an embryo five days old. 

From Fig. 10, which represents a section through the anterior 
end of the embryo, it is seen that in this region the nerve-plates 
are almost complete ; i. e. the one on the uninjured side appears like 
that in a normal embryo, while the other is not fully developed. A 
mesoderm layer has formed on both sides, the one on the injured 
side being narrower than that on the uninjured side, but continuous 
with it. Ectoderm and mesoderm cells are small and contain normal 
nuclei; but some of the yolk-cells are atypical, and their nuclei are 
abnormally large or surrounded by dense pigment. 

Fig. 11 is a section through the middle of the embryo. The 
nerve-plate of the injured side is greatly reduced in size. The chorda 
is seen to occupy a median position with respect to the nerve-plates, 
a position which it would occupy in the normal embryo. Some 
mesoderm is seen in the more protoplasmic, dorsal side of the in- 
jured part, but the cells in the yolk are irregular in form and size 
and do not form distinct germ-layers. A large area in th^ interior 
of the yolk is disorganized. 

Fig. 12 shows a section through the region of the blastoporic 
invagination which extends over to the undivided material of the 
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injured half, which is nucleated but not cellulated. From the pre- 
ceding account it is evident that most of our results that are new 
relate to the earlier stages, for it appeared to us more important to 
determine what the immediate results of the operation really are, 
than to make a study of later stages without a sufficient knowledge 
of what effects the operation really bring about. We have found 
abundant evidence that in almost all cases the nucleus of the injured 
blastomere is not killed, and that it subsequently supplies the proto- 
plasm of the injured blastomere with nuclei that become the center 
of cell-formation. We have found no evidence of a transmigration 
of nuclei from the uninjured to the injured side, and have not seen 
anything that would lead us to believe that the injured protoplasm 
becomes reorganized by nuclei or by cells wandering over from one 
side to the other as Roux claims takes place. 

The development of the injured blastomeres appears always to 
be due to the nuclei of those blastomeres. The division may, it is 
true, be delayed, and in consequence the development of the injured 
half may lag behind that of the developing half. The sudden ap- 
pearance of the missing half, described by Roux is probably due 
to the fact that the injured half has only been delayed in its develop- 
ment and has not been reorganized from the more active half. 



Summary. 

Our conclusions are in some respects similar to those of Roux ; 
in other respects they are diiferent. 

Roux has admitted the possibility of so many processes taking 
place during reorganisation and postgeneration that it is not surpris- 
ing to find that many of our results are in harmony with some of 
his conclusions. Our points of difference consist, therefore, in the 
main, in eliminating from the result a number of processes that Roux 
describes as taking place. It seems to us that much that is obscure 
in Roux's account of the processes of revivification, reorganisation 
and postgeneration is put in a much clearer light when we simply 
refer all such phenomena to the retarded development of the injured 
blastomere. 

In making any comparison between our results and those of Roux 
it should not be forgotten^ that, 1) we have worked on a different 
species of frog; 2) we have operated on eggs at the beginning of 
the laying period, instead of at the end as Roux recommends in 
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order to obtain the best results in postgeneration; and 3) we have 
intentionally made the operation very severe in order to delay or 
prevent the development of the injured blastomere as far as possible. 
With this understanding the following points of resemblance and of 
difference come to light. 

The embryos which Roux calls » half-embryos < appeared in onr 
experiments when one of the first two blastomeres was stnck. We 
also obtained what appear to be posterior embryos when the two 
anterior of the first foar blastomeres were stnck. Certain limitations 
should however be put on this statement. It is certain that a blasto- 
pore rim appears in the uninjured part, and that this does not appear 
to be a dorsal lip, but whether it would show the differentiation 
characteristic of the posterior lip can not be stated definitely, although 
such appears to be the case, and is best seen when this part becomes 
continuous with a retarded anterior lip in the injured part. 

We have found that the nucleus of the injured blastomere usually 
continues to divide and supplies the injured protoplasm with nuclei. 
Around these as centers, cells are often produced which may take 
part in the formation of the embryo and make it more than »half<. 
Roux also found that this process takes place, although he lays much 
less emphasis on this side of the development than we should do. 
We have not studied in sufficient detail to make a comparison of any 
value the second and third methods modes of reorganisation described 
by Roux (viz., the » revivification « of parts of the protoplasm that 
have been greatly injured, and the growth of the ectoderm from the 
injured over the uninjured side). The principal point of difference 
between our results and those of Roux is one of some importance. 
We have found no evidence of the transmigration of cells or of nuclei 
from the uninjured to the injured side, and consequently we are in- 
clined to believe that this process plays little or no part in the » re- 
organisation* (?), or better in the development, of the injured blasto- 
mere. Roux has written to one of us that he also is now inclined 
to lay much less stress on the evidence from this side of his work. 

Hertwig repeated Roux experiment and reached conclusions 
that are in many ways diametrically opposed to those of Roux. It 
appears to us that the difference in the two cases are due largely 
to the incompleteness of the experiment performed by Hertwig, in 
so far as he failed to injure sufficiently the blastomere that was stuck 
with the needle. In consequence of this, the injured blastomere con- 
tinued to divide and thus to contribute cells to the embryo. Owing 
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to this, Hertwig obtained nnsatisfactory results from which we believe 
he has drawn several erroneous conclusions. His results may also 
be due in part to the rotation of the contents of the uninjured blasto- 
mere after the operation. Hert wig's failure to obtain » half-embryos* 
is probably due to the former or to the latter conditions of his 
method, or to both combined. Later work on the frog, and on other 
forms as well, has abundently shown that » half-embryos* and even 
more incomplete parts may be produced. 

Hertwig's contention that the injured part of the egg assumes 
the role of the yolk-material in a meroblastic egg seems wide of the 
mark, as one of ns has pointed out on several previous occasions. 
We do not think that there is anything in Hertwig's own results, 
or in those of others, that gives a basis for such an interpretation. 
In fact this point of view appears to us to give an entire miscon- 
ception of what the results of this experiment really are. Roux's 
main conclusion in respect to the kind of embryo, » half-embryo «, that 
is first formed, is we believe correct, provided one blastomere fails to 
develop. Hertwig's conclusion that half-embryos do not develop 
under these conditions is not correct. 

On the other hand we agree with much that Hertwig has said 
in respect to the so called » revivification* of the protoplasm which 
Roux supposes to occur. The development of the iigured blasto- 
mere appears to us to be due to its own nucleus dividing and sup- 
plying the protoplasm with centers around which the protoplasm 
forms cell-walls. 

Curt Ziegler has recently given a very thorough and detailed 
treatment of the results of Roux's experiment. Our results are in 
most essential respects in accordance with his; more particularly in 
that we find no evidence of transmigration of cells from the injured 
to the uninjured side, and find nothing that indicates a > revivification* 
of the injured protoplasm by means of wandering cells or nuclei 
from the uninjured part. If, as now appears to be the case, Roux 
no longer wishes to press this point of transmigration of cells, then 
Ziegler's results are not so very diflFerent from those of Roux, as 
one might gather from the elaborate criticism that he has made of 
Roux's work. The most important outcome of the operation, namely 
the formation of a half embryo from the uninjured blastomere was 
also obtained by Ziegler, who confirms in this respect the earlier 
results of Roux, Endres and Walter, and Morgan. 

Our results differ from those of Ziegler in certain minor points. 
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We hare paid more especially attention to the immediate effects of 
the operation and the changes that follow soon after. Ziegleb^s 
three grades of injury caased by the heated needle represent only 
in a very general way the principal changes that occur. In reality 
a much greater yariety of results may follow than his classification 
might lead one to suppose. Ziegler admits the possibility of Roux^s 
third method of reorganization. Our own experiments are, as has 
been said, inconclusive on this point: — at least while they do not 
disprove that this may occur yet they show clearly in a number of 
cases that the superficial cells of the injured half are derived from 
the nucleus and protoplasm of that half, and have not migrated over 
from the uninjured part. We should like even to raise the question 
whether overgrowth of the injured half ever takes place to any 
extent unless some at least of the superficial cells originate from 
the injured half itself. 

ft 

Zusammenfassung. 

Unsre SchlUsse sind in einigen Beziehungen denen Rouxs ahnlicb; in 
andern Hinsichten Bind sie von ihnen aber verschieden. 

Roux hat die MOglichkeit des Eintretens so vieler Prozeese wahrend der 
Reorganisation and der Postgeneration zugelassen, daB es nicht Uberraschen 
kann, wenn wir manche unsrer Ergebnisse in Dbereinstimmnng mit seinen 
Schlttssen stehen sehen. Unsre Differenzen bestehen demnach hanptslichlich 
in der Elimination einer Reihe von Prozessen ans dem Ergebnisse, deren Ein- 
tritt Roux schildert. Es scheint uns, daC vieles, was in der Rouxschen Auf- 
zahlnng der Wiederbelebungs- , Reorganisations- nnd Postgenerationsprozesse 
dunkel ist, in ein viel helleres Licht gesteUt wird, wenn wir alle seiche £r- 
scheinungen einfach auf eine EntwicklnngsverzOgerung der verletzten Blasto- 
mere zurtlckfUhren. 

Beim Vergleich unsrer Resultate mit denen Rouxs muB man nicht ver- 
gessen, daB wir 1) mit einer andern Froschart gearbeitet haben, 2) daB wir 
Eier vom Anfang der Laichperiode benntzten, anstatt vom Ende derselben, wie 
Roux empfiehlt, nm die besten Postgenerationsergebnisse zu bekommen, 3) haben 
wir absichtlicb den Eingriff m(5glichst schwer gestaltet, um die Entwicklung der 
verletzten Blastomere, soweit nur mOglich, zu verzOgem oder zu verhindem. 
Bei richtigem Verstitndnis dieser ebenerwahnten Tatsachen werden die im fol- 
genden erwUhnten Ahnlichkeits- und Differenzpunkte ins richtige Licht gesetzt. 

Die Erabryonen, welche Roux Hemiembryonen nennt, traten bei unsem 
Versuchen auf, wenn eine der zwei ersten Blastomeren angestochen wurde. Wir 
erhielten auch den hinteren Halbembryonen Uhnliche Gebilde, wenn die beiden 
vorderen der vier ersten Blastomeren angestochen worden waren. Immerhin 
verlangt diese Feststellung eine gewisse EinschrUnknng. Sicherlich erscheint 
eine Blastoporusspalte, welche nicht der dorsalen Lippe zu entsprechen scheint, 
in dem unverletzten Teil, aber ob sie auch die filr die hintere Lippe charak- 
teristische Differenzierung zeigt, kann nicht abschlieBend festgesteUt werden, — 
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wenn dies anch der Fall zn sein scheint, wie am besten zn erkennen, wenn Bich 
dieser Tell mit einer im verletzten Tell verzOgert gebildeten vorderen Lippe zu 
einem Continnnm vereinigt (Roux erhielt anch bloB Semigastrnla posterior, 
keine Hemiembryo posterior. Gres. Abh. H. S. 446.) 

Wir haben gefinden, daB der Kern der verletzten Blastomere gewOhnlich 
fortfahrt, sich zn teilen, nnd das verletzte Protoplasma mit Eemen versorgt. 
Um diese als Zentren entstehen oft Zellen, welche sich an der Bildnng des 
Embryo beteiligen nnd ihn zn mehr als einer >Halbbildnng« machen k(5nnen. 
Roux fand anch, daO ein derartiger Prozefi stattfindet, legt darauf aber viel 
weniger Nachdmck, als wir tan sollten. Wir haben die Reorganisationsweisen 
bei der zweiten nnd dritten Yersnchsmethode, welche Roux beschreibt (namlich 
die >Wiederbelebnng« stark geschadigter Protoplasmateile und das Wachstnm 
des £ctoderms von der verletzten auf die nnverletzte Seite hertiber), nicht mit ge- 
nUgenden Einzelheiten studiert, um darans irgendwie bindende SchlUsse zn Ziehen. 

Der Hanptdiflferenzpunkt zwischen nnsern nnd Rouxs Ergebnissen hat eine 
gewisse Tragweite. Wir haben kein HinUberwandem von Zellen oder Kernen 
von der unverletzten anf die verletzte Seite wirklich beobachten kOnnen und 
sind infolgedessen geneigt, diesem ProzeB gar keine oder eine nur geringe 
RoUe bei der Reorganisation (?), oder besser, bei der Entwicklung der verletzten 
Blastomere znzugestehen. Roux hat einem von nns geschrieben, da6 er jetzt 
gleichfalls weniger Wert anf die nach dieser Seite hin gezogene Folgemng aus 
den nur in zwei Fallen gemachten direkten Beobachtnngen zu legen geneigt ist. 

Hertwig wiederholte die Rouxschen Versuche und kam zu Schltissen, 
welche in mancher Beziehung denen Rouxs diametral entgegengesetzt sind. Es 
scheint nns, da6 der Unterschied zwischen den beiden Fallen in weiter Aus- 
dehnnng dnrch die UnvoUstandigkeit der von Hertwig angestellten Versuche 
verschnldet ist, insofem, als er die angestochene Blastomere geniigend zn schii' 
digen versaumte. Infolgedessen fuhr die verletzte Blastomere fort, Teilungs- 
erscheinnngen zu zeigen nnd Zellen znm Embryo beiznsteuem. Aus diesem 
Gmnde erhielt Hertwig nur unbefriedigende Ergebnisse, aus denen er unsrer 
Meinung nach irrige Schliisse zog. Seine Ergebnisse kOnnen anch teilweise dnrch 
die Drehnng der unverletzten Blastomere nach der Operation veranlaCt sein. 
Hertwigs UnvermOgen, »Hemiembryonen< zu erhalten, ist wahrscheinlich dem 
ersten oder dem letzteren Faktor seiner Methode zuzuschreiben, oder beiden 
zusammen. Spatere Arbeiten am Frosch nnd ebensogut an andem Tieren haben 
iiberreichlich gezeigt, daB >Hemiembryonen« und sogar noch nnvollstandigere 
Teilbildungen erzeugt werden kOnnen. 

Hertwigs Behanptnng, daB der verletzte Eiteil die Rolle des Dotters im 
meroblastischen Ei libemahme, scheint uns weit vom Ziel, wie der eine von nns 
bei mehreren frtlheren Gelegenheiten bereits betont hat Weder in Hertwigs 
Ergebnissen, noch in denen andrer Autoren findet sich nnsrer Meinung nach 
eine StUtze fUr eine solche Anffassung. Dieser Standpnnkt scheint nns eine 
vOllig falsche Anffassung der wirklichen Bedeutung solcher Versuche zn ergeben. 
Rouxs Hauptfolgerung beziigllch der fraglichen Art von Embryonen, der >Hemi- 
embryonen*, die zuerst gebildet wnrden, ist unsrer Meinung nacn korrekt, 
voransgesetzt, daB eine Blastomere sich zu entwickeln unterlaBt Hertwigs 
SchluB, daB sich nnter solchen Bedingnngen keine >Hemiembryonen« entwickeln, 
ist nicht richtig. 

Anderseits stimmen wir mit vielem ttberein, was Hertwig bezUglich der 
sogenannten >Wiederbelebung< des Protoplasmas gesagt hat, deren Elntritt Roux 
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▼oraossetzt Die Entwicklung der verletzten Blastomere scheint unB durch die 
Teilong ihres eignen Kema veranlaBt, dnreh ihre YerBorgung mit Zentren, nni 
welehe das Protoplaama ZellwSnde bildet 

Curt Ziegler hat kOizlich eine ersohOpfende and detaillierte Bdiandlong 
der BouxBchen YersuehBergebnisse yer(5flfentlicht Unare Ergebnisae Btimmen in 
den hauptsiiehlichsten Pnnkten mit den aeinigen tiberein, Bpeziell anch darin, 
da6 wir keine Cberwanderung von Zellen von der verletzten zor nnverletzten 
Seite konstatieren k5nnen, und dafi wir nichtB finden, was fUr eine >Wieder- 
belebung« des geschUdigten Protoplaamas anf dem Wege einer Cberwandemng 
von Zellen oder Kemen aos dem nnverletzten TeUe sprache. FallB wirklich, 
wie es ja jetzt der Fall zu Bein scheint, Roux nicht ISnger diesen Punkt der 
Zellflberwanderong ansdrttcklich zu betonen beabsichtigt, dann sind anch Zieo- 
LER8 ErgebnisBO gar nicht so sehr von denjenigen Rouxb verschieden, wie man 
aus seiner detaillierten Eritik der Rouxschen Arbeit Bchliefien kOnnte. Daa 
wiohtigste Operationsergebnia, namlich die Bildnng eines Halbembryo seitenB 
der nnverletzten Blastomere, erhielt anch Ziegler, der diesbeztiglioh die frilheren 
Ergebnisse von Roux, Endres nnd Walter nnd Morgan bestStigt 

Unsre Ergebnisse unterscheiden sich von denjenigen Zieglers in gewissen, 
weniger wichtigen Pnnkten. Wir haben nnsre Anfmerksamkeit ganz speziell anf 
die nnmittelbaren Effekte der Operation nnd die bald danach folgenden Yer- 
andemngen gerichtet. Zieglers drei Grade der dnrch die heiBe Nadel gesetzten 
SchSdignng repr^entieren nnr in sehr allgemeiner Weise die hanptsUchlichsten 
anftretenden Yerandemngen. In Wirklichkeit kann eine viel grOBere Yerschie- 
denheit der Ergebnisse folgen, als diese ELlassifikation einen zn glanben ver- 
leiten kUnnte. 

Ziegler gibt die MOglichkeit der dritten Rouxschen Reorganisationsweise 
zn. Unsre eignen Yersuche sind, wie gesagt, ftir die Benrteilnng dieses Pnnktes 
nnzulUnglich : — jedenfalls, wenn sie anch nicht den Gegenbeweis gegen die 
MOglichkeit solchen Yorkommens liefem, so zeigen sie doch in einer AnzabI 
von Fiillen dentlich, daB die oberflachlichen Zellen der verletzten Halfte vom 
Kern nnd Protoplasma dieser selben Halfte abstammen nnd nicht vom nnver- 
letzten Teil her eingewandert sind. Wir hatten sogar Lnst, die Frage aufzn- 
werfen, ob ein Cberwachsenwerden der verletzten Halfte tiberhanpt in einiger 
Ansdehnung vorkommt, ohne daB wenigstens einige von den oberflachlichen 
Zellen von der verletzten HUlfte selbst abstammen. 
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THE FORMATION OF THE INTERIOR CELLS IN 
THE SEGMENTATION OF THE FROG'S EGG. 

MARGARET REED. 

Sections through the egg of the frog in the early stages of 
segmentation show that the cleavage planes extend from the 
surface inwards forming but one layer of cells. Later cleavage 
stages, however, show certain cells entirely within the interior of 
the egg, so that the cells of the dark pole appear to be arranged 
in two layers about the segmentation cavity. 

Former observers supposed this appearance to be caused by a 
cleavage plane coming in parallel to the surface of the egg 
(delamination) probably between the 32- and 64-ceII period. 

Following Professor Morgan's suggestion, I attempted to 
determine whether a delamination really occurs or whether the 
interior cells are produced in some other way. 

If the delamination occurs between the 32- and 64-celI stages 
we should expect to find the interval between these cleavage 
stages, as seen on the surface, longer than that between any two 
preceding divisions, because somewhere during this time, the 
cells would have divided by planes, which do not appear on the 
surface. 

In order to test this point, I made a number of observations 
on the living egg, noticing the times of the surface divisions. I 
found no marked difference in the length of the interval between 
any two divisions, but the cleavage took place in a regular 
rhythm. There was usually a period of about one hour from the 
first appearance of segmentation in the cells of the dark pole 
until the next cleavage again began to appear there. This is 
shown in the following table. 

9:25 A. M. Beginning of 2 -cell stage at dark pole. 
10:15 *« ** 4 *« *« 

11:15 ** " 8 «« " 

l2:io P. M. ** 16 " " 

12:55 •* " ''* " ** 
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From this we see that if the delamination should occur between 
the 32- and 64-cell periods the division must take place at this 
period twice as fast as any other division. This of itself seemed 
improbable. I therefore preserved series of eggs taken every 
five minutes during the interval between the 32- and 128-cell 
divisions and later sectioned them in order to deternline how the 
interior cells arise. 

The eggs were cut about 20 // thick and all the sections 
drawn with the aid of a camera lucida. Each cell of the egg 
was numbered and traced through the series of sections, in order 
to determine not only how many cells were present but also to 
ascertain how many came to the surface and how many were en- 
tirely inside. Two series taken every five minutes between the 
32- and 128-cell stages were counted with the following as some 
of the results : 



Supposed Number 
of CdU. 



32 
32 

32-64 

32-64 

32-64 

64 

64-128 



Actual Number 
of Cells. 



28 

32 
37 
45 

53 

64 
105 



Celb Inside. 



Superficial Celts. 



O 
O 

3 

5 
6 

15 

26 



28 
32 

34 
40 

47 
49 
79 



If delamination took place between the 32- and the 64-cell 
period, sections of an egg at the 64-cell stage should show 64 
cells coming to the surface, plus a certain number of cells inside, 
but this, as the table shows, is not the case. 

Sections through the egg as late as the end of the 32-cell 
stage show that all the cells are divided by cleavage-planes, 
which appear on the surface. Sections through the eggs of 
the series between the 32- and 64-cell stage show an increase 
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in the number of superficial cells ^ as well as of those which are 
wholly within the egg. At the end of the 64-cell stage there 
are 64 cells present in the egg, a number, about 12, of which do 
not appear on the surface.^ Also the series between the 64- and 
1 2 8-cell cleavage stages show an increase in the number of cells 
coming to the surface, as well as the number of cells of the in- 









IE- 




IE 



terior, so that there is no cleavage stage between which and the 
following stage delamination takes place. 

Figs. I, 2, 3 and 4 show sections through the middle of eggs 
of 28, 53, 64 and 105 cells respectively. A number of cells in 

1 In the cleavage of the frog's egg, the division for the next cleavage stage begins 
in the cells of the dark pole, while the cells of the light pole are completing the di- 
vision for the preceeding cleavage stage. 
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these figures have the appearance of being pushed or crowded 
into the interior, that is, the portion of the cell which comes to 
the surface is quite small compared with the size of the cell 
which lies mainly within the egg. 

This appearance of the cells seems to be caused by the di- 
vision planes coming in more or. less obliquely so as to cut off 
one cell with a small surface area as No. g, Fig. i .• At the next 
cleavage, the division of this cell would give rise to one cell en- 
tirely within the egg and one coming to the surface. Cell 27, 
^^S' 3> shows the beginning of such a division while cell 70 or 
71, Fig. 10, may have been formed in this manner. The follow- 
ing division of such a cell would then form cells lying entirely 
within the egg. 

So far as I have been able to trace, the yolk cells also show no 
cutting off of- interior cells during the early cleavage stages. 
Such a cell as 72 in Fig. 4, is but the end of a cell which other 
sections show coming to the surface. 

These observations show that there is no delamination division 
cutting off a number of cells parallel to the surface but that the 
first formed cells of the interior are produced by the same division 
planes as are the cells of the surface and by their subsequent 
division form the cells of the interior. 

Columbia Univsrsfty, 
December 13, 1904* 
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Further Studies on the Ovogenesis of Sagitta. 

By 

N. M. Sterens. 

(From the Biological Laboratory of Bryn Mawr College.) 

With plate 16. 



After the results of my work with Prof. Boveri on Sagitta 
(1903) were sent to the publisher, an attempt was made to obtain 
the material necessary to complete the study of the j)vogenesis. 
Prof. F. M. MacFabland kindly offered to secure a new supply of 
Sagitta at Naples, and prepare it as was suggested by results already 
obtained. Only one specimen, however, threw any light on the 
doubtful points. 

In April of the present year, I obtained from Mr. Geo. M. Gray, 
Curator of the Marine Biological Laboratory, Woods Hole, Mass., 
several dozen of Sagittal elegans, which gave me the desired stages, 
— in fact, all stages in the ovogenesis up to the actual extrusion 
of the eggs from the oviduct. 

The one favorable specimen of Sagitta bipundata from Naples 

contained six eggs which showed the first maturation spindle in 

equatorial stage ; the eggs were in what appeared to be a temporary 

oviduct, formed between the sperm-duct and the germinal portion of 

the ovary (PI. 16, Fig. 1). This rather surprising arrangement by 

which the germinal epithelium and the accessory cells of the larger 

16* 
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oocytes are temporarily cut off from their usual connection with the 
sperm-duct, needed confirmation. This specimen, moreover, gave no 
hint of the way in which the ripe ova pass from the ovary proper 
into this temporary oviduCt. 

The new material from Woods Hole, Sagitta degans, gave all 
stages in the formation of the oviduct and the entrance of the eggs ; 
also the breaking down of the germinal vesicle and the formation 
of the first polar spindle, which occur before the egg separates from 
the ovarian wall. 

Ripening of the ovum. — The conditions shown in tab. 20, 
figs. 2 b and 16 of my previous paper (1903) were the latest stages 
found in that material. Here the chromosomes are fully reduced 
in size (fig. 2 b), and the spermatozoon has entered the second 
accessory cell (fig. 16). 

The nucleus now moves toward the periphery of the ovum until 
it comes into contact with the egg-membrane at a point opposite 
to the point of attachment of the ovum to the wall of the ovary. 
The small chromosomes, which up to this time have been scattered 
through the nucleus, are drawn into currents in the karyoplasm, and 
brought together at a point, usually near one end of the nucleus 
as it appears in cross-section. In the nucleus shown in Fig. 2, 
currents have appeared near the periphery and some of the chromo- 
somes are already in the path of the currents. In Fig. 3a the 
currents flow toward a region where several of the chromosomes are 
grouped together, and two others are in the path of one of the 
currents (Fig. 3b). In Fig. 4 the spindle fibres are forming among 
the assembled chromosomes; the nuclear membrane on the side of 
the nucleus nearest to the spindle has disappeared and the karyo- 
plasm appears to be fiowing out into the cytoplasm. Fig. 5--8 
show successive stages in the dissolution of the nucleus and the 
mingling of karyoplasm with cytoplasm. In Fig. 7 and 8 may be 
seen the peculiar disposition of the chromosomes in the equatorial 
plate of the spindle: each chromosome lies in a vesicle by itself 
and at this stage the spindle fibres are certainly not attached to 
the chromosomes. The spindle is barrel-shaped — broad and short 
— with no mantle-fibres and no centrosomes. At this stage, the 
spindle has a tangential position (Fig. 6 — 8), the radial position 
being assumed after the eggs have entered the oviduct (Fig. 1). 

The separation of the ^g^ from the wall of the ovary occurs 
as follows: The egg-membrane closes the micropyle, excluding the 
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second accessory cell (Fig. 9). At this time both accessory cells 
show signs of degeneration and separation takes place between the 
accessory cells and the wall of the ovary (Fig. 9), or sometimes 
between the two cells (Fig. 10 a and b), or between the second 
accessory cell and the egg. The epithelial cells on either side stain 
more deeply and appear to be denser than usual (Fig. 9 and 10 a). 
The egg now pushes its may between the ovary and the sperm- 
duct, crowding the latter against the body- wall (Fig. 11). The 
epithelium of the ovary peels oflf from the wall of the sperm-duct 
leaving such smooth surfaces (Fig. 1, 11, 12) that one can hardly 
believe that the duct in which the ripe eggs lie is a temporary 
one, and that a short time before it was formed, sperm tubes had 
extended from the sperm-duct through the accessory cells to the 
oocytes; but there is abundant proof that this is true. In many 
cases eggs are found at intervals either passing from the ovary into 
the oviduct or flying wholly in it, while between such eggs are 
portions of the ovary which show no sign of the oviduct. The 
opening from the ovary to the oviduct seems to close immediately 
behind the egg, and in most cases the eggs certainly make their 
way into the oviduct independently, and the opening bears a direct 
relation to the point where the egg breaks away. A few eggs were 
found lying free in the ovary with no opening formed, and it is 
possible that they would follow eggs with which they were in 
contact into the oviduct through openings already made by the 
latter. The appearance of the eggs in the sections indicates that 
each individual egg makes its way into the oviduct by means of 
its own activity, but to be sure of this point one must observe this 
phenomenon in the living animal. 

The number of eggs ripening in the two ovaries for one laying 
varies greatly. In the specimen of Sagitta hipuncUxta examined, there 
were three in each oviduct; in Sagitta elegans ttere were from 2 to 
9 and as great a diiference between the two ovaries of one individual 
as 4 and 8. 

The Chromosomes. — In a few specimens of Sagitta U- 
punctata^ the chromosomes in the stage shown in flg. 13 e and 15 of 
tab. 20 (1903) were split longitudinally, but the preservation of the 
material was poor and it was feared that the appearance was not 
normal. In Sagitta elegans^ however, I find this splitting to be a 
normal condition at a certain stage of the reduction in the size of 
the chromosomes. Two such chromosomes are shown in Fig. 13. 
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The two strands are always more or less twisted, but the ends are 
occasionally free. Large granules are usually seen in connection 
with these chromosomes. 

The chromosomes in the equatorial plate of the first polar 
spindle (Boveri 1890 and fig. 1, 6, 7, 8, 12) are split twice longi- 
tudinally forming a tetrad similar to that of Ascaris, but differing 
less in appearance from the ordinary chromosome, as the components 
of the tetrad lie very close together and are very long in pro- 
portion to their diameter. Comparison of a polar and a lateral view 
of the spindle reveals the fact that the split which shows in a 
polar view — that which corresponds to the second maturation di- 
vision — is somewhat wider than that seen in a lateral view. An 
end view of a tetrad also shows a difference in the thickness of 
the components of the tetrads in the two diameters, as seen in 
Fig. 14 a. These facts as to the composition of the tetrad incline 
one to believe that we have here a bivalent chromosome with the 
two components paired longitudinally instead of end to end. If this 
is so, the first division divides both of the original chromosomes 
longitudinally, and the second division separates the chromosomes 
forming the pairs. The split observed in an earlier stage (Fig. 13) 
is probably a temporary separation of the longitudinally paired 
chromosomes. 

In nine out of twelve ripe eggs of one individual, there were 
two polar spindles. These spindles were in various positions with 
respect to one another and to the egg-membrane, — 1) end to end and 
tangential, 2) parallel and radial (Fig. 15), 3) end to end and radial 
(Fig. 16). The two spindles seemed in most cases to be exactly alike. 
In one egg they were so close together as to form one very broad 
spindle, and in another the poles of the two spindles were united 
at one end but separate at the other (Fig. 17). The chromosomes, 
however, showed only one longitudinal cleft, indicating that the 
division of the first polar spindle had been completed, though this 
usually occurs only after the eggs are laid. One of these spindles 
is evidently the 2d polar spindle (Fig. 16 a) and the other ^corresponds 
to the division of the first polar body which has not been separated 
from the egg (Fig. 16 b). An end view of a dyad taken from one 
of these spindles in equatorial stage is shown in Fig. 14 b. In two 
eggs the spindles were in a late anaphase (Fig. 17), and the 
chromosomes were evidently the separated components of the dyads. 

The only explanation of this abnormality seems to be that laying 
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was prevented by some unusual conditions, and that the usual order 
of evants so far as the distribution of the chromosomes is concerned 
went on, though for some unknown reason the polar body was not 
given oflf. No other peculiarity was observed. 

The question now arises whether the sections throw any light 
on the method of reduction in number of chromosomes in the young 
oocytes. This is one of the questions that I had not been able to 
answer in my earlier work, but Sagitta degans proved to be more 
favorable material than Sagitta bipundata. Among the young oocytes 
are some which contain the somatic number of chromosomes (18), 
some V-shaped (Fig. 18), others shortened and irregular in form 
(Fig. 19). A few of these showed a part of the chromosomes 
arranged in pairs (Fig. 20). A somewhat later stage shows the 
reduced number of chromosomes (9) elongated, and. some have a 
longitudinal split (Fig. 21 and 22), which evidently corresponds to 
the space between two chromosomes of a pair in the earlier stage, 
and probably to the longitudinal division shown in Fig. 13 and to 
the wider split in the tetrad of the first polar spindle (Fig. 14 a). 
In Fig. 23 is shown an oocyte in which such pairs of chromosomes 
as appear in Fig. 21 are seen in cross-section. 

In the spermatogenesis of Sagitta we have the reduction effected 
by pairing of the chromosomes end to end, and the first maturation 
division separates the two chromosomes, while the second probably 
completes the longitudinal division that has been observed during 
the growth stage of the spermatocytes, between the two stage$ 
shown in fig. 28 a and b, tab. 21 (1903) (Fig. 24 a and b). 

In the ovogenesis the method of pairing is different and the 
order of the maturation divisions is reversed, the second division 
separating the components of the pairs. From this it would appear 
that it is the "conjugation" of the chromosomes and their longi- 
tudinal division and separation that are important, and not the 
method of union or the order of divisions. There is need, it seems 
to me, of going over as carefully as possible the ovogenesis of all 
forms which have been described as undergoing, during the process 
of maturation, a double longitudinal instead of a longitudinal and 
a transverse division, for evidence whether or not the two kinds of 
divisions are equivalent. 

Since in Sagitta we find two methods of "conjugation" of the 
chromosomes, — pairing end to end in the spermatocyte and longitudinal 
pairing in the oocyte ; and the corresponding two types of maturation- 
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divisions, — a transverse and a longitudinal in the spermatocyte, 

and two longitudinal divisions in the oocyte, giving, however, equi- 

a ' a 
valent results in the nuclei of the egg and sperm ; i. e., t-jj in the 

alb 
sperm and -jy in the egg and its polar bodies, it seems probable 

that further investigation will show that in many if not in all cases 
the two theoretically conflicting types of maturation divisions are 
equivalent, the paired chromosomes being in all cases separated by 
one or the other of the maturation divisions. This question is of 
especial interest in connection with recent investigation of problems 
relating to Mendel's Law of Inheritance. 

Brauer's work on Ascaris (1893) in connection with that of 
BovERi (1899) and others seems to indicate that the chromatin 
granules which Beauer describes as uniting in pairs before the 
spireme is formed are the true chromosomes; and if so, one of the 
longitudinal divisions of the tetrad of Ascaris really separates paired 
chromosomes. 

Chromatin granules. — The question as to whether the 
granules thrown off by the chromosomes and cast out into the cyto- 
plasm, pass from the nucleus to the cytoplasm in the form in which 
they are seen on both sides of the nuclear membrane (p. 230 — 231, 
1903) is satisfactorily answered by the sections of Sagitta elegans. 
Fig. 25 shows these granules scattered through the nucleus, a few 
of them in contact with the nuclear membrane — some within, 
some without — and others in strands of karyoplasm which extend 
through the nuclear membrane out into the cytoplasm. This and 
many other similar sections show that the granules actually pass 
out of the nucleus along strands of karyoplasm. The nuclear mem- 
brane is not so definite a structure in the ripening oocytes of 
SagiUa as in many forms, though in earlier stages it is quite thick 
and is fortified on the outside by a deeply-staining reticulum which 
gradually disappears as the oocyte and the nucleus increase in size. 

With the material at hand, I am unable to give any very 
definite opinion as to the composition of these granules which are 
the product of the gradual reduction in the size of the chromosomes. 
They have been spoken of as chromatin granules, because of their 
origin, and because they stain like the chromosomes in iix)n- 
haematoxylin preparations and hold the stain while much larger 
yolk granules are destained. The slide from which Fig. 25 was 
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taken was stained and restained with several diflferent combinations 
but not with very satisfactory results. With safranin and lichtgriin, 
the granules held the safranin, while the yolk granules took the 
green. This evidence is in favor of their chromatin nature, but is 
of course insufficient. 

It is my purpose to secure more of this material another year 
for further study 1) of these granules, 2) of the embryology of the 
ovary and its ducts, and 3) of some points in the spermatogenesis. 

Summary. 

1. The so-called sperm-oviduct of Sagitta is merely a sperm-duct. 

2. A temporary oviduct is formed for each laying, between the 
sperm-duct and the germinal epithelium. This duct appears to be 
opened up by the activity of the individual eggs pushing their way 
out of the ovary proper and in between the germinal epithelium 
and the sperm-duct. 

3. The chromosomes preserve their individuality from the time 
when reduction in number occurs in the very young oocytes to their 
appearance as tetrads in the first polar spindle. 

4. The scattered chromosomes of the germinal vesicle are collected 
by currents in the karyoplasm, at the point where the first polar 
spindle is formed. 

6. There is a preliminary longitudinal splitting of the chromo- 
somes during their reduction in size. 

6. The tetrad is bilaterally symmetrical, indicating that it is 
composed of two chromosomes paired longitudinally. 

7. The chromosomes in the young oocytes conjugate longi- 
tudinally, instead of end to end as in the spermatocytes. 

8. In Sagitta^ we have two types of conjugation of the chromo- 
somes in oocyte and spermatocyte, and two corresponding types of 
maturation divisions, giving, however, equivalent results. 

9. The chromatin (?) granules which result from the reduction 
in size of the chromosomes pass directly out from the nucleus into 
the cytoplasm along strands of karyoplasm. 

Hopkins Laboratory, Pacific Grove, California, 

June 21, 1904. 
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Explanation of flgnres. 



Plate 16. 

Fig. 1. Gross-section of an ovary of Sagitta bipnnctata, showing ripe 
egg (b) in the temporary oviduct, a sperm-duct; c 1st polar spindle; 
d oocyte. Zeiss' obj. C, oc. 4. 

Fig. 2. Section of germinal vesicle, showing currents and small 
chromosomes. Zeiss' obj. C, oc. 6. 

Figs. 3a and 3b. Two sections of the same germinal vesicle, showing 
most of the chromosomes brought together by the currents. Zeiss' obj. C, 
00. 6. 

Fig. 4. Germinal vesicle breaking down at the end where the spindle 
is forming. Zeiss' obj. C, oc. 6. 

Figs. 5 — 8. Successive stages in the dissolution of the germinal 
vesicle and formation of the Ist polar spindle. Fig. 5, Zeiss' obj. C, 
oc. 6; Fig. 6, Zeiss' obj. D, oc. 6; Figs. 7—8, Zeiss' obj. 1.5, oc. 4. 

Fig. 9. Section showing sperm-duct (c), a part of a ripe egg (e) 
with degenerating accessory cells (b) on the egg-membrane which has closed 
under them, and the opening (a) left by the breaking away of the accessory 
cells. Zeiss' obj. D, oc. 4. 

Figs. 10a and b. Similar but slightly earlier stage than Fig. 9. c and 
d degenerating accessory cells. Zeiss' obj. D, oc. 4. 

Fig. 11. Cross-section of Sagitta elegant , showing one ripe egg just 
entering the oviduct (a), and another wholly in (6). Egg b shows two 
polar spindles end to end. c sperm- duct. Bausch & LoMB obj. 1 in. 
oc. C. 

Fig. 12. Cross-section of an ovary of Sagitta elegans, showing one 
^SS (^) ^ ^® oviduct and another (b) entering. Botii eggs contain the 
first polar spindle in equatorial- plate stage and tangential position. Zeiss' 
obj. AA, oc. 6. 

Fig. 13. Two chromosomes showing the preliminary longitudinal split 
which occurs during the growth stage of the oocyte. Zeiss' obj. 1.5, oc. 6. 



252 N. M. Stevens, Farther Studies on the OvogenesiB of Sagitta. 

Fig. 14 a. End view of a tetrad. Zeiss' obj. 1.5, oc. 6. 

Fig. 14 b. End view of a dyad. Zeiss' obj. 1.5, oc, 6. 

Fig. 15. Two polar spindles from eggs of the same individual as 
Fig. 11, showing dyads. Zeiss' obj. 1.5, oc. 6. 

Fig. 16. Two polar spindles, end to end and radial, showing dyads. 
a 2d polar spindle ; b division corresponding to that of the 1st polar body. 
Zeiss' obj. 1.5, oc. 6. 

Fig. 17. Two polar spindles with inner poles united; a part of the 
chromosomes in another section. The chromosomes here are univalent. 
Zeiss' obj. 1.5, oc, 6. 

Figs. 18 and 19. Young oocytes containing the somatic number of 
chromosomes (18). Zeiss' obj. 1.5, oc. 6. 

Fig. 20. Toung oocyte showing paired chromosomes. Zeiss' obj. 1.5, 
oc. 6. 

Figs. 21 — 23. Toung oocytes showing longitudinally paired chromo- 
somes. Zeiss' obj. 1,5, oc. 6. 

Figs. 24a and b. Spermatocytes showing preliminary longitudinal split. 
Zeiss' 2 mm, oc. 8. 

Fig. 25. Section of nucleus of nearly ripe oocyte, showing chromo- 
somes much reduced in size, and granules passing out along strands of 
karyoplasm. Zeiss' obj. C, oc. 6. 
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EXPERIMENTS ON POLARITY IN TUBULARIA. 

BY 

T. H. MORGAN AND N. M. STEVENS. 
With 5 Figures and 20 Tables. 

In the discussion that has arisen in regard to the factors that 
determine the formation of new hydranths in Tubulariaj the red 
pigment in the stem and in the current has played a conspicuous 
role. Loeb first suggested the idea in 1891 without, however, 
stating clearly whether he referred to the pigment in the wall or in 
the current, although the former appears to have been intended, 
as he makes no mention of a current or of pigment in the current. 
In his last publication, however, he argues in favor of the 
pigment in the current being an important factor in the regenera- 
tion of hydranths. Driesch also thought that the pigment in 
the circulation might have at least a quantitative relation to 
hydranth formation. ' Morgan has presented evidence which, 
he believes, disproves t! at the red pigment, as such, takes any 
part in the formation of the hydranth, pointing out, among other 
objections to the views of Loeb and of Driesch, that the pigment of 
the current is not absorbed, but is gathered together in the diges- 
tive cavity within the new hydranth; and Stevens has observed 
that this ball of pigment is later vomited forth from the 
mouth of the fully formed hydranth. We had hoped that our 
observations had laid to rest the question of the supposed role of 
the pigmi^nt in regeneration, but such appears not to be*the case, 
since in his recent publication Loeb returns once more to 
the problem. For this reason it has seemed to us worth while to 
undertake a new series of experiments, although we think the 
evidence already advanced more than sufficient to disprove the 
view that the pigment has any direct influence on the regeneration 
of hydranths. While we have considered this question somewhat 
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fully for the reasons given above, we think, however, that our new 
work is of more interest in connection with the problems of 
polarity and heteromorphosis in Tubularia. 

The work was carried out during the summer of 1904, while 
enjoying the hospitality of the Hopkins Marine Laboratory of 
Leland Stanford Junior University. The species of Tubularia 
that is found near Pacific Grove is T. marina. 

It differs in some respects from the forms found at Woods Hole 
and at Naples, the principal difference being that it has a single 
hydranth at the free end of an unbranched stem attached by 
stolons to the rocks. In regard to its powers of regeneration, 
it appears to be very similar to the other two forms, the main 
difference being its stronger tendency to produce a stolon from an 
aboral cut end rather than a heteromorphic hydranth. 

GENERAL ARGUMENTS THAT ARE OPPOSED TO THE SUPPOSED 
FUNCTION OF THE RED PIGMENT AS A FORMATIVE 

OR NUTRITIVE FACTOR. 

The discussion of the problem that follows may be made clearer, 
if we review here the points that bear on the supposed function of 
the red pigment as a formative or nutritive factor. 

First. The stem of Tubularia marina contains throughout its 
length two ridges standing opposite to each other and nearly meet- 
ing in the middle of the stem. These ridges are connected by 
strands of endoderm at more or less irregular intervals, forming 
a perforated partition between the two circulatory canals of the 
stalk. The fluid in the central cavity of the stem moves up one 
canal, across to the other side of the partition just below the 
stomach of the polyp, and down the other canal. Long lash-like 
flagella, belonging to the endoderm cells, keep the fluid in circu- 
lation. Occasionally granules or food particles are contained in 
the fluid, but ordinarily it is quite clear and its movement is 
consequently difficult to demonstrate. 

When a piece of the stem is cut off, its ends close rapidly, and 
the circulation continues as before. At first the fluid contains no 
granules, or only an occasional one. The first changes, prepara- 
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tory to the formation of the new hydranth^ are initiated by the 
breaking down of the endodermal ridges near the oral end of the 
piece. The cells of the ridges break up, setting free their contents 
in the fluid. Since these cells contain red pigment, as well as 
other products, the fluid becomes more or less filled with these 
granules, as well as with broken cells or even entire cells contain- 
ing the pigment. There is nothing mysterious or obscure in 
regard to the source of this pigment in the fluid. It owes its 
origin to the degenerative changes preparatory to forming a 
hydranth. The ridges at the aboral end of the piece are also to 
some extent absorbed, but much less so than at the oral end, ex- 
cept in cases where an aboral hydranth is forming, when the same 
extensive process of absorption occurs as at the oral end. It is 
evident that the pigment observed in the circulation is a by-pro- 
duct in the regeneration of the new hydranth, and from its origin 
we get no suggestion of its being a substance formed for building 
up a new structure. It will also be observed that the position of 
the new hydranth, indicated by the degeneration of the endoder- 
mal ridges, is already determined when the red pigment appears 
in the circulation. 

Second. As has already been stated, the pigment, along with 
other debris from the circulating fluid, is often collected in a ball 
within the forming hydranth. It appears that at this time, when 
the primordium of the hydranth is already laid down, the soluble 
parts of the broken down cells in the circulation are absorbed, 
presumably being digested, while the red pigment is not absorbed 
but is later ejected from the mouth of the new hydranth. Whether 
some part of it may not be absorbed as Loeb intimates, without 
however showing that the process occurs, we cannot of course 
state positively, but if this does happen, the amount absorbed 
must be inconsiderable since the entire amount appears to be 
ejected. Even if some of it were absorbed, — of which there is 
no evidence, — it would be far too small in amount to account for 
the pigment in the new hydranth. Loeb states that "the regen- 
eration of a new polyp proceeds from those points where the 
pigment granules collect." Our observations show that the pig- 
ment granules more often collect at the distal end of the piece 
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anterior to the tentacle anlagen. When they are seen within the 
tentacle region they are by no means evenly distributed over the 
surface, but occur in one or more irregular masses so slightly 
attached to the wall that they are often washed away by the cur- 
rent. These masses of pigment and other debris are sometimes 
carried to the basal end or to a sharp bend in the stem, remain 
there for a time, and later appear again at the distal end. Such 
being the case, the pigment granules could with difficulty be 
imagined to be a hydranth-forming substance. 

Third, A microscopic examination of the pigment in the wall 
of the tube, and also in the circulating fluid, shows that it is com- 
posed of irregular crystalline-like red and yellow particles of 
various sizes and shapes. In addition there are spheres of an 
oily appearance that may represent reserve food material. These 
spheres also help to give a general yellowish tinge to the stem, 
especially to old stems and stolons, but the main color in regions 
of new growth is due to the red pigment. Where a new hydranth 
is developing, more pigment begins to appear in the endoderm 
and a proportionately larger number of small granules seems to 
indicate that this pigment is manufactured by the cells themselves. 
That the endoderm cells have this power there can be no question 
from the facts to be mentioned presently. Why, then, since this 
can be shown to be the case, imagine another wholly superfluous 
process to go on, viz: an absorption of red pigment from the 
circulating fluid ? 

Fourth. If the amount of pigment in the entire circulation be 
compared with the amount of new pigment in the developing 
hydranth, it will be found that the latter is many times in excess 
of the former and hence must have been formed in situ. This is 
especially noticeable in very short pieces. 

Fifth. The amount of pigment set free by the degeneration of 
the ridges in the hydranth-forming region is approximately the 
same for short and for long pieces. Hence the relative amount 
in the circulation is far greater in short pieces, yet these, if moder- 
ately short, develop no faster than do longer pieces, and if very 
short it takes a longer time for the hydranth to regenerate. In 
the latter case, however, though not in the former, the problem 
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is complicated by another factor, namely, the reduction in the 
length of the hydranth-forming region, which in itself seems to 
involve a delay in the development. 

Sixth. The formation of new pigment is not characteristic of 
the new hydranth alone; but in the development of a new stolon 
a large amount of new pigment is formed, and at a time when there 
is none present in the circulation. 

We may now examine in the light of these statements the argu- 
ments which Loeb believes are in favor of the red pigment being 
a factor in the development of new hydranths.* 

With the following statements in Loeb's paper we cannot 
agree : 

First. On p. 154 Loeb states, **I found further that at that 
end at which a new polyp forms, the formation of this organ may 
be recognized beforehand from the fact that red pigment granules 
collect at this end in relatively great density. New pigment 
granules are transported by a current of fluid to this end, and 
evidently remain lying or stuck in the neighborhood of the cut 
surface. The stream of fluid is kept up by ciliary movement. I 
expressed at that time the opinion that such a transportation of 
materials by the stream of fluid toward the cut end is one of the 
conditions of the formation of organs in Tubularia^ and that the 
polarity of the Tubularia stem, /. e.y the fact that the polyp forms 
earlier at the oral pole, depends on the fact that the *organ-form- 
ing' substances (possibly the red pigment granules) collect in 
sufficient quantity sooner at the oral than at the aboral end." 
We find on the contrary that the end where the polyp is to develop 
begins to thin out in preparation for the formation of the polyp 
and the primordia of the tentacles may be laid down before the 
red pigment begins to accumulate. Loeb speaks of the current 
as passing forward, and this appears to lend support to his view; 
but it should not be overlooked that the current flows backward 
on the other side of the stem and the same argument could be 

'Concerning Dynamic Conditions which contribute toward the Determination 
of the Morphological Polarity of Organisms. University of California Publications. 
Physiology, Vol. I, Nos. 16 and 17. 1904. 
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made to show that the aboral end should develop its polyp first, 
because a current also flows in this direction! 

Second. By sticking the oral end in sand Loeb found that a 
larger proportion of the pieces produced aboral hydranths, and 
in a shorter time than when suspended freely in water. This 
result is cited as an argument in favor of the "assumption" that 
the red granules are **organ-forming substances;" but it is not 
clear that the experiment has any bearing on this point. Loeb 
appears to mean that since the red substance can not be used at 
the oral end, which is embedded in the sand, that, therefore, it 
can be used by the aboral end. If this is his meaning, it should 
be pointed out that the original assumption has now taken a very 
different form, and the polarity is accounted for not by the direc- 
tion in which the current flows, but by an abundant supply of a 
formative or nutritive substance. With this point of view, so 
fundamentally different from the other, we are ready to agree, 
provided that the nutritive substance is something else than the 
red pigment. The experiment of ligating the stem, which Loeb 
states that he carried out ''during the last summer," had already 
been performed by Driesch ('99) and by Morgan ('01), and the 
theoretical questions involved were discussed by them. Loeb 
states that in ligated stems, only polyps appear at the aboral end 
and never "roots." While this is true in general, yet occasionally 
a "root" develops at the aboral end in the California species of 
Tubularia. There is, however, no such sharp distinction be- 
tween stem and stolon as is implied by the use of the term "root," 
since a stolon may produce a hydranth at its end in the same way 
that one is produced at the end of a stem. If the stem is ligated 
or has its oral end stuck into sand the stolon may produce a polyp 
at its distal end. A fuller discussion of this property of the stolon 
will be taken up in another connection. 

Third. Loeb concludes that "the ligation of a piece cut from 
the stem of Tubularia results in the suspension of the polarity as 
far as regeneration is concerned." On the contrary we shall bring 
forward evidence to show that the polarity is altered mainly near 
the region where the aboral polyp has developed, and that a 
reversal or suspension of polarity does not extend throughout the 
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rest of the stem. It is true that by ligating the stem a more rapid 
development of the aboral polyp is brought about, as Driesch 
and Morgan had already reported. Even bending the stem 
sharply produces the same eflFect, as Morgan has shown. This 
question of the more rapid regeneration of the aboral polyp when 
the oral end of the piece is closed will be fully discussed below. 

Fourth, Loeb states (p. 158), "The experiments so far de- 
scribed had shown that by ligaturing a piece cut from the stem 
of Tubularia one abolishes the diflFerence between the oral and 
aboral poles. The question arises whether one can go farther 
and even reverse the polarity, i. e,y whether one can force the 
aboral cut end to form a polyp sooner than the oral end. This 
is in fact possible, though this phenomenon does not manifest 
itself with the same degree of certainty as the results of the liga- 
ture experiments just described." The experiments, which he 
believes demonstrate this point consist first in cutting oflF a piece 
of the stem and ligating it in the middle; then after the aboral 
polyp has developed, the half of the stem lying aboral to the 
ligature is cut out, one cut end being near the ligature (the old 
oral end), the other near the aboral polyp (the old aboral end, 
but now that the polyp has appeared the new oral end). If the 
latter end should produce "at least in«a proportion of the cases" 
a polyp sooner than the old oral end, this would show, Loeb 
thinks, that the polarity of the piece has been reversed. He 
found that the old aboral end (new oral end) produced a polyp 
before the old oral end in ten cases and in five cases the reverse 
occurred. From this Loeb concludes that the polarity of the 
piece has been reversed. Such, however, is not the case. All 
that the experiment really shows is that in some pieces the con- 
ditions are more favorable for the development of the polyp at 
the new oral end (old aboral end), where the polarity has been 
changed, but the rest of the piece has retained its original polarity 
as in the experiments in which the oral end of the piece was 
buried in the sand. 

Fifth. Loeb's summary, which follows this experiment is as 
follows (p. 159): "If we correlate all these observations, we 
get the idea that the cause of the normal polarity which appears 
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in the regeneration of a piece cut from the stem of a Tubularian 
is based on the condition that the circulation favors the motion 
of various substances in the direction from the aboral to the oral 
pole." There is, so far as we can see, nothing in the experiments 
that establishes this conclusion, and facts already known seem 
to controvert it. 

Sixth. After giving an approximately correct account of the 
complete, i. e.y the circular, course of the circulation (p. 160), 
Loeb states, **It is now generally found that only those pieces 
form a new polyp which possess a circulation." Since the cir- 
culation takes place in all living pieces of all sizes, this statement 
can have, so far as we can see, no bearing on the problem. The 
further statement **that the collection of pigment granules at one 
cut end precedes polyp formation" gives an erroneous impression 
and reverses the real order of events. The statement "that the 
regeneration of a polyp proceeds from those points where the 
pigment granules collect is unproved and we believe incorrect. 
Whether, as stated, stems rich in pigment always form polyps 
sooner than those poorer in pigment is questionable. It is not 
improbable that a stem lacking in the usual amount of pigment 
is not in a vigorous condition, hence the slower development of 
the polyp. Furthermore, the oral end of the stem is usually less 
pigmented than the more aboral parts, yet pieces cut from the 
oral end of a stem produce hydranths sooner than pieces nearer 
the basal end. 

We conclude from an examination of Loeb's argument that the 
evidence is wanting to show that the polarity in Tubularia is "to 
be referred to a process which is comparable as to its variety with 
a process of streaming in the direction of the aboral to the oral 
pole." Whether the formation of a polyp involves the using up 
of available substances in the stem which may involve a conse- 
quent diffusion of material toward the place where it is being 
utilized (because there is in consequence a smaller quantity of 
it there) will be discussed in our general conclusions; but this 
idea is fundamentally the reverse of the one maintained by 
Bonnet, Sachs and Goebel, viz: that the movement of the 
circulating fluid in a given direction determines where the 
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development of an organ shall be initiated, and is therefore the 
cause of polarity. 

EXPERIMENTAL RESULTS. 

Experiment I. The following data will serve to show for this 
s pedes y the frequency of the occurrence of aboral polyps in 
pieces lying on the bottom of a glass dish containing sea water. 
The polyp was cut from the oral end and the base cut off at vary- 
ing distances above the stolon. 

In long pieces, measuring from 10 to 25 mm. or more, 
about 5 per cent form aboral polyps (Fig. i); the rest 
form stolons or do not regenerate at all at the aboral end. 
When short pieces are cut off, measuring about 5 mm., 
the percentage of aboral hydranths (double-headed 
pieces) was larger, 8.5 per cent. When very short pieces 
are cut off the same kind of incomplete structures that 
have been described for the Naples and for the Woods 
Hole species appear, and some of them are double 
structures. In some cases the new head and stolon were 
cut off in order to see if a larger percentage of aboral fig. 1. 
heads would develop, but this did not occur. In another 

series the new head only was cut 
off but this did not cause the aboral 
ends to produce hydranths; nor 
were they produced when only the 
stolon end was removed. 

Experiment 2. In order to see 
what changes, if any, had been 
produced by the development of 
an aboral polyp in long pieces 
having an oral polyp also, the 
polyps at each end were cut off 
and the piece cut in two in the 
middle (Fig. 2). The pieces were 
kept oriented so that the different ends were known. If the for- 
mation of an aboral polyp at J had the same influence on the stem 
as the formation of an oral polyp at a, the middle b c would be a 
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sort of neutral zone without any polarity or with a weak polar 
condition, if such a thing is possible. The results show that 
the original polar condition still manifests itself in this region, 
as seen in the following figures for five pieces (Fig. 2). 

The aboral head at b in piece 5 can be accounted for without 
assuming it to be due to a change of polarity, for aboral heads, as 
we have seen, sometimes develop on short pieces. The absence 

of a polyp at J on the other half 
indicates that the change caused 
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by the aboral polyp is not great. 
Later a polyp appeared on piece 
I at ^ and at J. 

In the next series (Fig. 3), with 
three pieces, the influence of the 
aboral polyp is better seen, but 
the old polarity still shows itself 
in the oral heads. These pieces 
were cut June 30. Record A 
was taken July 2; record B, 

Julys- 

In another series four pieces developed as shown in Fig. 4. 
In the first and third pieces the old and the new polarity are 
exhibited in the aboral half. 

The following table gives the results for 19 
pieces cut as above at diflFerent dates, from June 
27 to July 24. The figures indicate the order in 
which the hydranths appeared. The letter s 
indicates a stolon. 

The appearance of hydranths simultaneously 
at b and c and of stolons at c in several cases may 
indicate a more or less unstable condition of 
polarity near the middle of the piece; but as a 
whole, the table shows a stronger tendency to produce hydranths at 
c (oral) than at b (aboral), /. e.y the original polarity in most cases 
overbalances whatever change may have been eflFected by the 
development of a hydranth at the aboral end of the original 
piece. 
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In order to determine whether, if a neutral zone exists in double- 
headed pieces, it lies nearer the oral or the aboral end, several 
pieces were cut nearer the old oral end, and others nearer the old 
aboral end. The results are shown in Tables II and III. 

In Table III the number of pieces which produced hydranths 
at c is proportionately much greater than in Table II. The 
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results so far obtained might be construed to mean that the 
influence of the aboral polyp extends only a short distance and 
that its influence extends much farther in some cases than in 
others. Under this supposition we must account for the hydranths 
at b in Table III as in other double-headed pieces. 

Experiment 3. In this experiment the oral end of the pieces 
was stuck into sand and kept there until the aboral head devel- 
oped at the free end. The pieces were stuck into sand July i. 
After 48 hours a few pieces had regenerated aboral heads, and 
after 72 hours nearly all had new heads. The pieces were then 
taken from the sand and the new polyp (old aboral end) and the 
old distal end cut oflF. The result ought to show whether any 
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change in polarity had occurred. After three days eight of the 
pieces had polyps on the old oral ends and three had stolons on 
the old aboral ends (where the new polyp had developed); two 
pieces had heads on the old aboral end; one had a head on each 
end, and eight had not yet regenerated. After another day the 
record of these pieces was as follows: Twelve had polyps on the 
old oral end; seven had polyps on the old aboral end (six of these 
had oral heads also); five had stolons on the aboral end (of these 
four had a polyp on the old oral end and one had none). After 
another day fifteen had polyps on the old oral end; eight had 
polyps on the old aboral end; five had heads on both ends and 
four had long stolons on the old aboral end. These results show 
that despite the fact that the oral end was stuck into sand, the 
original polarity of that end is markedly shown when it is cut oflF. 
It is equally clear that the development of a polyp at the aboral 
end has changed the condition of that end so that it is more likely 
to produce a polyp (when it is cut off near the new aboral hydranth) 
than before. Thus the polarity of the whole piece is not re- 
versed but a new growing region is established at the old aboral 
end. Another point in this connection is not without interest; 
namely, that the end in the sand begins to form an oral polyp 
in this species of Tubulariay and the process may go so far that 
the hydranth is fully formed and ready to come out. It fails, 
however, to emerge, unless removed from the sand, and is soon 
absorbed. Meanwhile the aboral hydranth has regenerated. 
We shall consider this point more fully later. 

Experiment 4. In order to show more precisely the limits of 
the change that takes place at the aboral end as a result of the 
development there of a polyp, the long pieces were cut into many 
short ones. In the records given in Tables IV and V double- 
headed pieces were used; in the second series. Tables VI and VII, 
the oral ends of long pieces had been stuck into sand or vaseline 
and kept there until the aboral polyp appeared. As, however, 
in most cases, a hydranth forms at the oral end in sand or vaseline, 
such pieces are practically double-headed pieces. The pieces 
were then cut up into shorter ones varying from 5 mm. to 10 mm. 
or more in length. The development of the shortest pieces may 
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be somewhat retarded, that of the longest pieces little if at all. 
Since in each set the pieces were of approximately the same 
length, the retarding influence is probably constant for each 
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Fig. 5 gives an idea of the way in which these pieces 
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Table IV 



The remaining series are given in 
a diflFerent form. In each case the 
old oral end is at the top in the 
series. Those polyps that emerged 
simultaneously have the same num- 
ber; thus the first to emerge are 
numbered i, the second 2, etc., the 
figures being placed near that end 
at which the polyp 
formed. In Tables 
IV and VI the fig- 
ures I, 2, 3, 4, 5 in- 
dicate observations 
made once a day for 
five successive days. 
In Tables V and VII 
the figures indicate 
the sequence for Table V. 
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each long piece, observations having been made three or four 
times daily. A figure opposite the middle of a piece indicates 
a double structure that did not emerge. 

In order to contrast the 
I r r I development of a series of 

^ " ' short pieces cut from unal- 
tered stems, /. e.y stems with 
only an oral polyp, one small 
series of such pieces was 
observed with the following 
results (Table VII): 

Here the oral ends of the 
pieces produce polyps, and 
there are few aboral polyps. 
It is interesting to note in 
the third column that some- 
thing has delayed the de- 
velopment of the oral ends 
of two pieces and aboral 
polyps have developed in- 
stead. Whether the single case of a double-headed piece in this 
table (and by inference in other results when the piece is not so 
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short that the tentacle areas of the ends overlap) can also be 
accounted for in this way, can not be established from the 
evidence, although it seems not improbable. 
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Experiment 5. The rate at which the hydranth forms is, 
it appears, an important factor in connection with the phenom- 
enon of heteromorphosis. A series of experiments was under- 
taken to determine whether the amount of material in the 
circulation has an influence on the rate at which the hydranths 
appear. This and the five following experiments have a bearing 
on this point. 

In several series a long piece was cut out and its ends allowed 

to close. Then at intervals small pieces were cut from the 

aboral end. Each time that a small end-piece 

. I' I' I I* 
is removed a part of the circulating fl.uid with 

its contained granules escapes from the long 
piece into the water. The cut end closes in the f | I f 
course of an hour making further escape of fluid 
impossible. It is true that a small amount of f f I f f 
new material is added from the ridges at the 
aboral end each time the piece is cut, but it f f T T I* 
appears that not enough is added to compensate 
for that which is lost. The greatest amount of T I* 

pigment, etc., always comes from the endoderm table Vlll. 
of the oral end where the changes preparatory 
to the formation of a hydranth takes place. The following are the 
records of the results. A check series of pieces, not cut at intervals 
at the aboral end, was kept in each experiment. In one set the 
long pieces were cut at 10.00 a. m., July 15, and at 3.00 p. m. 
the aboral ends were cut oflF. The next morning (July 16, 
9.45 a. m.), 18 of these pieces showed the primordia of tentacles, 
two had none. The check pieces were in the same condition. 
At 4.10 p. m. none of the polyps was out. The next morning 
(July 17, 9.00 a. m.) 11 hydranths were out, 6 showed the 
primordia of polyps, one nothing. Of the check series, 9 polyps 
were out, and 3 pieces showed primordia. The following morn- 
ing 16 polyps were out, and 2 not yet out; of the check set 10 were 
out and 3 not yet out. 

In another set (July 31) the pieces were cut oflF at 11.30 a. m. 
The first aboral cut was made at 5.50 p. m., and the second the 
next morning at 9.00 a. m. At this time the beginning of the 
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polyp could be faintly seen. At lo.oo a. m. on the following 
day (August 2)9 6 {>olyps were out, i was coming out and i showed 
nothing. Of the check set, 4 were out and i had the primordia 
present. 

In a third set the pieces were cut out at 10.45 a. m., July 30. 
The first aboral cut was made at 2.35 p. m., the second at 6.00 
p. m., and the third the next morning (July 31) at 9.40 when 
the primordia were present. After another 24 hours (August i, 
9.45 a. m.) the polyps were all out in the normal time. These 
results show that by opening the stem and allowing the escape 
of fluid, the development of the polyp is not retarded. 

Experiment 6. In two experiments short pieces were cut from 
the oral end at the same intervals as in the last series; Experi- 
ment 5. This operation suffices to let some of the fluid and the 
collection of pigment escape. The polyps were slightly retarded 
(emerging at 3.00 p. m., August i), which is not surprising when 
it is recalled that the cuts removed a small portion of the distal 
end of the hydranth. 

In another series the pieces were cut off July 14, at 2.30 p. m., 
the first oral cut made at 6.00 p. m., and the next day (July 15) 
two cuts were made at 10.00 a. m. and 3.00 p. m., respectively. 
The following morning (July 16, 9.30 a. m.,) another cut was 
made when the primordium of a polyp was present on 4 pieces. 
The check pieces were in the same condition. The polyps did 
not emerge until July 17, when proportionately as many were 
out as in the check series. There was a slight delay caused by 
the cutting, owing no doubt to too much of the polyp being re- 
moved, but since the primordia formed at the same time as in the 
check series, it is clear that the development up to this stage was 
not delayed by removing very short pieces of the oral end of the 
stem at four different times. Very small pieces only should, 
of course, be removed, for if a longer piece is removed, the region 
of tentacle formation is cut through, which will cause a delay 
in subsequent development. The most distal part of the hy- 
dranth-forming region goes to make the proboscis and may be 
removed in the early stages without interfering seriously with 
the development of th^ hydranth. 
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Experiment 7. With a fine needle it is possible to puncture 
the membrane over the closed aboral end of the piece and thus 
to allow a partial escape of the fluid. Two series of experiments 
of this sort showed that the oral polyp formed as soon as in the 
check pieces. 

Experiment 8. By tying a succession of ligatures of silk thread 
around the aboral end it was hoped that more material might be 
thrown into the circulation; and if its presence had any influence 
on the rate of polyp-formation, the hydranths should appear 
sooner than in the check pieces. It was found, however, that no 
appreciable addition of material could be made in this way, since 
so little of the ridges breaks down at the aboral end. There 
was no hastening of the development after tying two or three 
times. The details may be omitted. 

Experiment 9. A more successful method of introducing ma- 
terial into the current consists in rolling a glass rod from behind 
forward for a short distance over the aboral end. In this way, 
as Godlewski has shown, the coenosarc may be rolled into the 
interior of the more anterior part, and we have found that some 
at least of the plug may at times enter the circulation. Two 
series of experiments showed that the oral hydranth cannot be 
hastened in this way. 

Experiment 10. By crushing the aboral end it is possible in 
some cases to introduce a large amount of substance, including 
the red pigment, into the circulation. Comparing the rate of 
development of pieces containing a great deal of material in the 
circulation, with other pieces containing very little, no diflPerence 
in time of polyp-formation was detected. 

Experiment II. This experiment was undertaken in the hope 
of determining what changes take place in the piece during the 
formation of the oral hydranth. Long pieces were cut out, and 
then at diflPerent intervals (8, 12, 18, 24 hours, etc.,) they were 
cut up into short pieces (5-6 mm.), which were placed in a row 
and the time when their polyps appeared recorded. If there is 
a movement forward of material in the wall, or if material in the 
wall is slowly used up from the oralto the aboral end, we hoped 
that this might be demonstrated by the time of development 
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in the series of short pieces. So much irregularity occurs, 
however, that it is doubtful if the result establishes any definite 
conclusion. 

In the first series the long pieces were cut into short pieces 
(5-6 mm.) after 6, 15, 16, 20, 24 hours. This series, kept in a 
warmer room, regenerated much faster than the second series. 
The figures indicate the sequence of the oral polyps, and x indi- 
cates an aboral hydranth. 

After 6 hours, as shown in these tables, the intervals between 
the time of emergence of the polyps in succeeding pieces are not 
very different, although, as a rule, the piece nearest the oral end 
developed first. After 15 hours the irregularity is so great that 
no conclusion can be safely drawn. The following series, after 
16 hours, shows a slightly regular sequence from oral to aboral 
end. After 20 hours a greater regularity is observable, and it 
will be recalled that at about this time the primordium of the 
polyp can usually be seen. Also after 24 hours the sequence is 
more marked. 

In the next series the intervals were different, the short pieces 
averaged less in length and the development was very much re- 
tarded, largely due to lower temperature, as compared with the 
preceding series. The figures indicate observations 24 hours apart. 

In the check series the pieces from the same stem developed in 
about the same time, although in some cases the more basal 
pieces were later. In the third row the most aboral piece pro- 
duced a stolon and later its end developed a polyp. The 8-hour 
series is not good, but so far as it goes, it shows no more than the 
check series. The 12-hour series is not different from the pre- 
ceding. The 18-hour series shows no special influence of the 
changes that were going on at the oral end of the piece before it 
was cut into small pieces. The first two rows developed very 
slowly. The 24-hour series developed much better, /. e,y earlier 
than the preceding, but while in most cases the oral pieces de- 
veloped first, there was not a relatively great difference between 
these and the more aboral pieces. After 36 hours there is a 
decided difference shown by the oral pieces, the remainder of each 
set being much the same, and this is also true for the 48-hour series. 
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The second series developed slowly as has been said, owing 
to colder weather. Even the long pieces, kept 48 hours before 
cutting, had not pushed out their polyps, although the primordia 
had begun to appear. In the 24-hour series, the primordium 
was so far developed that it could be easily seen, and after 36 and 
48 hours the hydranths were fully formed and ready to emerge. 
Whether we can correlate with this latter condition the relatively 
more rapid development of the pieces that lay just behind the 
oral region is perhaps questionable, but it appears not improbable. 

The main result of the experiment is negative; for, no satis- 
factory evidence was obtained to show what changes are taking 
place in the stem during the formation of the oral hydranth, 
except perhaps in the case of the pieces immediately behind the 
hydranth-forming region in the series cut after that region was 
well developed. It will be noted that there are fewer double- 
headed short pieces in these sets than in those cut from double- 
headed long pieces. Since the shortness of the pieces may have 
caused a delay in development and thus introduced another factor, 
we tried the following experiment in which long pieces were used. 

Experiment 12. Here long pieces were cut from the stem, 
and after certain intervals, the oral end was cut off at two or 
three different levels, and the time required for the development 
of a polyp was noted and compared with that in a check series 
in which the old hydranth was cut off at the time of the second 
operation on the long pieces. In one set the long pieces were 
kept 12 hours after the old head had been cut off, and then about 
4 mm. of the oral end was cut off in some pieces, in others about 
15 mm., and in others a much longer piece. Check pieces were 
cut at the first and last of these levels at the same time. No 
difference in the time of regeneration at the three levels or in the 
check experiment could be detected. 

Other pieces of the same set were cut off after 17 hours and 
gave the same result. In another set the long pieces were kept 
24 and 36 hours (when the primordia of the polyps had appeared) 
and the oral ends were then cut off at three levels, (a) just behind 
the primordium, (b) 10 to 20 mm. further back, and (c) far back 
nearer the base of the stem. Check series were also made. Here 
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again no difference could be detected in the rate of regeneration 
at the three levels or in comparison with the check series. These 
results seem to indicate that the rate of development is not deter- 
mined by the nearness of the new cut surface to the region where 
a hydranth has developed, and thus supports the view that the 
material that is made use of in the formation of a polyp comes 
mainly from the polyp-forming region and not from the whole 
stem (except perhaps to a slight extent from the broken down 
ridges from the aboral end as will be spoken of below.) It is 
true that pieces kept under artificial conditions regenerate after 
a time less rapidly than fresh pieces, but this may be due to 
general exhaustion of food substances thoughout the piece, so that 
there is relatively less material from which to produce a new 
polyp. 

Experiment 13. The more rapid development of the aboral 
polyp when a ligature is tied around the stem has already been 
noted by Driesch, Morgan and Loeb. In Tubularia marina the 
aboral polyp so seldom develops in pieces left on the bottom of 
a dish that this method and that of sticking the oral end into 
sand or vaseline is the best way to obtain heteromorphic regen- 
eration. Loeb found that it makes little if any difference in the 
time of appearance of the hydranth, how far the ligature was 
from the basal end. As this result has a direct bearing on our 
problem we repeated the experiment a number of times and 
under somewhat different conditions. In the first series some 
pieces (cut very long) were tied August i, 10.00 a. m., near the 
polyp, others near the middle of the stem, and others near the 
basal end. Three days later one tied in the middle had an 
aboral polyp; seven hours later one of the pieces tied near the 
aboral end also had a polyp. During the four following days 
no other aboral polyps developed. In another series (August i, 
10.15 a. m.) after three days, one piece tied near the polyp, one 
tied in the middle, and one tied near the aboral end had polyps. ' 
The next day another tied near the polyp had regenerated, and 
the day following another tied near the polyp had an aboral 
hydranth. No more developed during the next two days. 

In another series (August i, 5.00 p. m.) one piece tied near the 
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aboral end developed in two and a half days, and during the four 
following days no others developed. 

In another set, after three days, one piece tied near the polyp 
and one tied near the basal end had regenerated, and three days 
later one of those tied near the middle developed a hydranth. 

In another set, after four days, one tied near the polyp and one 
tied near the middle regenerated, and after three days more one 
tied near the basal end developed. 

In two sets no aboral polyps developed. 

These results, as well as other similar ones, confirm Loeb's 
statement that no definite relation exists between the time of 
development of the aboral polyp and the length of the piece of 
stem between the ligature and the basal end. Individual stems 
behave very differently, but no connection between rate and 
length of aboral pieces is apparent. So great is the difference in 
time in different cases that difference in rate of development due 
to another factor might be difficult to detect without more data. 
In this connection the regeneration of the oral polyp, which takes 
place more rapidly should be considered. Long pieces regenerate 
a little sooner than pieces 7-12 mm. long, and in shorter pieces 
(5 mm. or less) there is a longer delay. If a similar influence 
was present at the aboral end in this experiment it might not be 
detected. However, the length of the stem does not appear to 
be, in either case, the principal factor that determines the rate 
of aboral regeneration. 

Experiment 14. Another series of experiments, similar to the 
above, was carried out in order to determine what influence the 
changes involved in the development of an oral polyp have on the 
rate of development of an aboral polyp. 

{a) A check series of 10 pieces 15 mm. long was cut and tied 
in the middle as soon as cut. The oral hydranths (10) came 
out in from 19 to 68 hours, average 49.9 hours. The aboral 
polyps (9) appeared in from 46 to 76.5 hours, average 69.8 hours. 

(h) ID pieces 15-20 mm. long were tied in the middle 8 hours 
after they were cut. The aboral hydranths (8) came out on an 
average of 77.8 hours, just 8 hours later than those that were tied 
at once. 
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(c) 9 pieces 15--20 mm. long were tied 16 hours after they were 
cut. The aboral polyps (8) appeared on an average of 83.3 
hours, 15.5 hours later than those tied at once. 

(^19 pieces 15-20 mm. long were tied 24 hours after they 
were cut, 7 in the middle, 5 about 5 mm. from the oral end of 
the piece and 7 about 5 mm. from the aboral end. 

The average time for the aboral polyps (7) in the pieces tied 
in the middle was 94.1 hours — 24.3 hours more than for those 
tied at once. For those tied near the oral end (4) the average 
was 1 01. 7 hours, and for those tied near the aboral end 102 hours 
— 31.9 and 32.2 hours, respectively, more than for pieces tied at 
once. 

From the results obtained in all but the last two sets of pieces, 
it appeared evident that it is immaterial whether the pieces are 
tied when cut, or from 8 to 24 hours later, i. ^., the changes that 
were going on at the oral end before the pieces were tied had no 
retarding effect on the aboral hydranths. 

The discrepancy observed in the case of the pieces tied near 
the oral and aboral ends after 24 hours, was so great that the 
experiment was repeated twice. The results, however, were too 
erratic to be reliable. The peculiarities were probably due to 
individual differences in the stems used, as other conditions were 
apparently the same. Several aboral stolons were produced in 
both of these latter sets. 

In connection with this experiment Loeb's experiment of cut- 
ting out pieces between the ligature and the aboral hydranth was 
repeated. In one case the oral and aboral hydranths appeared 
at the same time; two pieces, cut very near the aboral polyp, 
developed aboral hydranths and nothing at the oral end; six 
pieces had oral polyps and stolons or nothing at the aboral end. 
The evidence, though not abundant, is in favor of the supposition 
that the polarity of the whole piece is but slightly affected by the 
development of an aboral polyp. 

Experiment 15. Several long pieces, which had regenerated 
a hydranth at the oral end and a stolon at the aboral end, had 
their oral ends stuck into sand without cutting off the hydranth, 
and after 4, 5 or more days a hydranth was formed at the uncut 
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free end of the stolon. These hydranths were formed in the 
usual way and developed as rapidly as oral polyps after the 
primordia appeared, but a longer time elapsed before they began 
to form than in the case of aboral cut ends of pieces stuck into 
sand. All the pieces of this kind (14) produced hydranths and 
in several cases the hydranth degenerated and regenerated several 
times in the course of a month. The same result was obtained 
when uncut pieces bearing stolons were tied. When the stolons 
were cut off, a hydranth was formed very quickly at the cut end 
(oral) of young (recently grown) stolons; pieces of old stolons 
usually regenerated a hydranth at the oral end and a stolon at 
the aboral end. 

Experiment 16. The above experiment suggested the follow- 
ing: Several long uncut stems were ligatured at two or three places 
to see whether hydranths would develop between the ligatures, 
i. e.y in parts of the coenosarc cut off from the rest of the piece, but 
with the ends not exposed to sea water. 

In the first set 8 stems were used and one oral hydranth de- 
veloped between the ligatures after 6 days. In the second 7 
stems were ligatured. One oral hydranth appeared after 7 days, 
one aboral after 13 days, and another oral after 20 days. The 
first set might have yielded further results if they had been 
observed for a longer time. Experiments 15 and 16 show that a 
hydranth may be formed at an end of stem or stolon not exposed 
to sea water by cutting the perisarc, but the development of such 
hydranths is long delayed. The absence of a hydranth, however 
removed, whether by natural degeneration, cutting, burying in 
sand or ligaturing, seems to lead to the regeneration of another 
hydranth, but the rate of regeneration depends on other condi- 
tions. 

Experiment 17. In connection with Experiment 2, it occurred 
to us rather late, when little available material was at hand, that 
long double-headed pieces should be cut in the middle, without 
removing the hydranths, to see whether the two cut ends would 
behave alike or differently. Only one piece regenerated and that 
produced stolons on both cut surfaces, regeneration being most 
rapid at the aboral end of the distal half of the piece. 
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Experiment 18. Delayed development in several series of 
short pieces suggested the possibility that in this species light 
might be a factor in the rate of regeneration. To test this three 
sets of similar pieces were placed (a) in bright light near a window, 
(h) in diffuse light, (c) in total darkness. The rate of regenera- 
tion for the three sets was the same. 

Experiment 19. The polarity of stolons was examined by 
means of the following experiments: Young stolons that had 
developed during four or five days and were stuck to the dish 
were cut oflF, and each one produced a hydranth at the cut end. 
Old stolons by which the Tubularia had been attached to rocks 
were also cut into pieces 5-10 mm. long and kept oriented. In 
10 cases the polyp appeared on the end nearer the free end of the 
stolon; in 18 cases on the end nearer the stem. Pieces cut from 
recently grown stolons which had produced a polyp at the free 
end, regenerated a hydranth at the end nearer the polyp. These 
results show that the "polarity" of the stolon is not so marked as 
that of the stem. When it is recalled that the free end of the 
stolon may produce a hydranth if it does not come in contact with 
a hard surface, the behavior of the two ends of the pieces is not 
so remarkable. The free end of a stolon behaves in most respects 
like an aboral, exposed end of a stem which also, under certain 
conditions, produces a polyp. 

Experiment 20. In order to see to what extent changes pre- 
paratory to the formation of a polyp have taken place at the aboral 
end of a long piece that has regenerated an oral hydranth, pieces 
that had within two or three days produced an oral polyp were 
used. The tip of the aboral end was cut off (in most cases) and 
the piece removed near the middle or nearer the aboral end. If 
changes preparatory to the formation of a polyp had taken place, 
we should expect the aboral polyp to develop first unless the origi- 
nal polar conditions enabled the oral end to outstrip the aboral end 
despite the advantage the latter might be supposed to have gained 
by exposure to sea water. The results showed that in 29 cases 
the oral polyp only developed, in 6 cases the aboral, in i case oral 
and aboral at the same time, and in i case the aboral 6^ hours 
before the oral. A higher percentage of aboral polyps developed 
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than when pieces are cut out of stems that have not previously 
been cut, and this may be due to the changes already begun at the 
aboral end; but on the other hand the large predominance of 
cases of regeneration at the oral end indicates that the changes 
at the aboral end are slight, and that the original polarity of the 
material is still the more important factor. 



AN ATTEMPT TO ANALYZE THE PHENOMENA OF 

POLARITY IN TUBULARIA. 



BY 

T. H. MORGAN. 



Two questions arise in connection with the problem of polarity 
in Tubularia: (i) The kind of structure^ polyp or stolon^ that 
develops on a cut surface; and (2) the time at which the new 
structure appears. The former includes the idea of "polarity'' 
in the usual sense; but, as I shall attempt to show, the time of 
appearance of the new structure may also be an important factor 
in determining the kind of structure that develops when an alter- 
native exists. 

A cut surface at any level may produce a polyp or a stolon. 
Usually polyps appear on distal cut surfaces, stolons on basal 
ones. An external stimulus, viz: exposure of a cut end to water, 
calls forth the development of a hydranth and the hydranth may 
develop either on a distal or on a basal surface. If a piece is 
open at both ends, the oral hydranth develops first, and after it 
has emerged, the aboral end may also produce a polyp, rather 
infrequently in Tubularia marina^ but more often in T. mesem- 
bryanthemum and T. crocea. On the other hand, if the stem 
is tied in the middle, the basal polyp develops sooner than when 
the stem is not tied, and it appears in practically every instance. 
The aboral development takes place to a large extent independently 
of the length of the stem between the ligature and the aboral end. 

How can we account for these facts } We can at least formulate 
a provisional hypothesis. We may assume that the gradation of 
the material is of such a kind that the hydranth-forming material 
decreases from the apical toward the basal end. The formative 
influence, acting from the exposed end inward (the stimulus of 
the water on the free end), finds a prompter response when it 
acts in. the direction of decreasing amounts of hydranth-forming 
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material (which has the same gradation as that in the hydranth 
itself) than when acting in the reverse direction (namely, at the 
aboral end). Therefore, the oral polyp, as a rule, develops 
first. For its development it needs certain nutritive material. 
This it finds either in the ccenosarc or in the circulation, and uses 
the material as it develops. In consequence the cut surface at 
the basal end cannot get the material necessary for it to develop 
into a hydranth, and it either remains undeveloped or produces 
a stolon. If, however, we tie a ligature around the piece, the 
aboral end may then make use of the substances that are present 
in the isolated aboral part of the piece; hence there develops a 
hydranth. Its development is usually delayed as compared with 
that at the oral end of a piece cut off at the same level. Why does 
this delay occur .? It can be accounted for in either of the follow- 
ing ways. It may be assumed that even when the stem is tied 
the oral end near the ligature often begins to form a polyp, and 
this developing end uses up at first all of the available food 
material, but as development at this end stops the stimulus of 
the water on the aboral end makes that end active in the presence 
of an excess of material. That the oral polyp may actually begin 
to develop or even completely develop when the stem is tied, or 
when one end is stuck into sand, or into vaseline, has been shown 
by our experiments. On the other hand it is important to note 
that the assumed gradation in the material from hydranth to 
base must be first reversed before the aboral hydranth can 
develop. The necessity for reversing the arrangement may in 
itself account for the delay in the development of the aboral 
hydranth, and for the prompter development of the oral one. 

As has been said, the hypothesis that I advocate is, in principle, 
fundamentally different from that of the Bonnet-Sach's view, 
more recently advocated by Goebel and by Loeb. I assume that 
the results are not due to the movement in a definite direction of a 
formative or even of a nutritive material that causes the develoj>- 
ment of a hydranth. On the contrary, the hydranth begins to 
develop and it then makes use of the material that comes to it. 
If in special cases, such for instance as those where no circulation 
is present, the using up of material causes a movement of nutritive 
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substances toward the place where they are consumed, such a 
movement is the effect of the development and not its cause. 

In the case of Tubularia it is clear from many experiments that 
the rotary circulation in the stem (which is the result of ciliary 
action) can not be made to account for the polarity of the stem. 
The red pigment does not appear to be a nutritive or a formative 
material. It seems to bear no other relation to the regeneration 
than that of a waste product. The remaining material of the ridges 
that is set free along with the pigment may be, and probably is, a 
nutritive substance that is made use of by the developing hydranth. 

Some other possibilities involved in my hypothesis may be 
briefly mentioned. Experiments have shown that when a polyp 
develops on the aboral end some change takes place, especially 
in the region immediately behind the polyp, of such a sort that 
we may say the "polarity" of that region has been changed. 
This means, on my view, that by the development of a polyp on 
this end the region behind the polyp has been also changed and 
is more like the region behind a normal polyp. Consequently 
a short piece in this region may produce an aboral polyp (in the 
original sense) before an oral one. How far this influence extends 
is not conclusively shown, but the eff^ect is certainly stronger 
just behind the new aboral polyp, and it probably diminishes 
rapidly in the original oral direction. j 

A possible objection to my view may be made on the following 
grounds: If pieces of medium length contain enough food 
material to produce oral polyps then, if food stuffs were made 
throughout the piece, there should be an excessive amount in 
long pieces, and aboral as well as oral polyps should develop in 
the latter, which is not the case. The answer to this objection 
is that the change in the food stufl^s that makes them soluble 
probably takes place only, or largely, in the region where the 
polyp is developing and not throughout the piece. The soluble 
material set free at the aboral end as well as at the oral end is 
utilized at the oral end, because that end develops first. The 
actual observations suggest, if they do not prove, that the available 
material may be added to by the protoplasm and its food contents 
set free from the endodermal ridges. 
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It was attempted in one experiment to determine how far the 
preliminary changes that take place in the aboral end represent 
steps leading toward the development of a hydranth at that end. 
A very short piece was removed from the aboral end of a long 
piece (to make a new surface there) at the time when the oral 
end had just made a polyp. The long piece was then also cut 
in two in the middle. It was hoped in this way to find out if 
preliminary changes^ leading toward the development of an 
aboral polyp, which had been going on at the aboral end, would lead 
to the aboral polyp developing first. It was found that usually 
the oral polyp developed first, indicating that little if any change 
had taken place at the aboral end in the direction of polyp forma- 
tion. From this result it is not improbable that the slight break- 
ing down of the ridges at this end may not be connected with polyp 
formation there, but possibly only with the closure of that end. 
Occasionally, however, the aboral end has changed so that it 
produces its polyp first — a result that never occurs in this species 
when long pieces of the normal stem are cut oflF. 

The result of experiments with stolons is in some respects more 
difficult to explain, but may still be brought into line with the 
remaining results. When the stolon is cut oflF it generally 
produces a hydranth on that end that was nearest to the original 
polyp. In other words, it behaves like a piece of the stem. In 
quite a large number of cases, however, the hydranth appears 
at the apical end. This is not in harmony with my view, unless 
we assume that the differences in the two ends of the stolon, 
especially of a very new one^ are such that local conditions (the 
action of water on the new end) may be stronger at times than the 
differences in the two ends. Moreover, it is not to be forgotten 
that a stolon, not in contact with a surface, tends to produce a 
hydranth on its closed end; especially if the oral hydranth is 
suppressed or the oral end of the stem closed. The newness of 
the growing tip may also make it more responsive to the action 
of water if it is not in contact with a surface. 

A postulate of my view is that the polyp after it has formed 
continues to use up nutritive material as long as it grows, and 
hence tends to hold in check for some time after its first formation 
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the development of a polyp at the aboral end. The polyp when 
first formed is small, and can, in fact, be seen to enlarge for several 
days after it has emerged. 

I have assumed that the stem of Tubularia is not homogeneous, 
but that from the hydranth to the base there is a graded difference 
and this gives the order or stratification of the material. The 
stimulus of the water acting on the free end arouses the form- 
ative changes which act in the direction of this existing material 
order. How does such a view differ from the old assumption of 
a **polarity" in the material i On my view there is no such 
directive force residing in the material as the term polarity 
suggests, but the polarity is only a name for the gradation of 
the material and on this as a basis the formative changes are 
carried out. 

Conversely a similar gradation from the stolon to the hydranth 
must exist in respect to the tendency to produce a stolon, hence 
the latter appears on the aboral end; but in the case of Tubularia 
we find that the action of water on a free end, whichever this 
may be, has a stronger tendency to call forth a hydranth than a 
stolon in some species. Hence the conflict of influences that 
probably goes on at this end. If, however, the aboral end is 
brought in contact with a solid body a stolon develops promptly, 
while the oral end, if brought into contact with a solid, fails 
to produce a stolon, but develops a hydranth. 

In conclusion, I think, that the Sachs-Bonnet hypothesis of the 
migration of formative stuffs is not needed to explain the results 
in Tubulariay and furthermore that there are no observed facts 
or experiments that make this view probable. I have no wish to 
deny that substances having a formative influence on growth 
may exist, but there is no evidence in favor of the view that in 
multicellar formsy such substances migrate in definite directions 
and thus produce the "polarity." If development begins in a 
region, there may be a movement of the materials that are being 
used up toward the developing part, but to fail to distinguish 
between this point of view and the former is to confuse cause and 
effect. The two points of view are diametrically opposite, and 
no good end can be reached by ignoring this fact. 



The Relation Between Normal and Abnormal Develop- 
ment of the Embryo of the Frog: V. As Determined by the 
Removal of the Upper Blastomeres of the Frog's Egg. 



By 

T. H. Morgan. 



With Plates IV and V. 



Eingegangen am 6. Angast 1904. 



The appearance of the embryo ^) of the frog on the black hemi- 
sphere of the egg in certain forms of abnormal derelopment led me 
to saspect that the material out of which the normal embryo is formed 
may be contained at first, in part, in the upper hemisphere, and 
become transferred during the early development to the equatorial 
regions. In still later stages a large part of the embryo-forming 
materials is carried from the equatorial regions over the lower hemi- 
sphere of the egg by the advance of the lips of the blastopore. It 
is the former transfer of materials, and not the latter, that I propose 
to examine here in the light of certain experimental results that I 
have obtained during the spring of 1904. 

If the material to form the embryo lies at first in the black 
hemisphere of the egg it may be in part contained in the upper four 
blastomeres of the eight-cell stage, and if these should be removed 
the formation of the embryo should be in large part prevented, — 
provided the remaining parts of the egg have not the power to 
regenerate the material that has been removed. 

By means of the gray-crescent it is also possible to locate, vnth 
a fair degree of probability, the two anterior and the two posterior 
of the upper four blastomeres of the eight-cell stage. If my hypo- 
thesis is correct, it should be possible, by removing the two anterior 

1] That is the medullary plate and the parts immediatly below. 
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or the two posterior Uastomeres, to bring aboat oorrefipondiBg defects 
m tbe embryo. 

In a preliminary set of experimento, carried out in order to see 
if the operation were feasible, the npp^ four blastomeres were 
piBctored with a cold needle, and their contents caused to exade 
as an exovate. The outcome was rariable. If great care was taken 
to remove completely all of the material of the blastomeres the re- 
maining parts of the egg generally failed to produce an embryo, 
and died wifliont proceeding very far in their deavage. If the ut- 
most care was not taken in removing the blastomeres, defective, or even 
neariy normal embryos of many kinds were obtained. These results^ 
while puzzling and discouraging, led me to examine more critically 
the immediate results of the operation itself. The ontco«ie showed 
that it is much more difficult to remove completely the entire con- 
tents of the upper cells than appeturs to be tl^ case at the time of 
the operation. If the egg is given a half hour, or thereabouts, to 
recover, it will be found in many cases that parts of the upper 
Uastomeres have been left behind, and since these subsequently 
divide, in most cases, it is certain that their nuclei have been left, 
and that their material has been contributed towards the formation 
of the embryo. After this had become evident I generally s^araled 
the eggs that had been operated on into two lots, placing in one lot 
all of those in which the contents of the injured blastomeres had 
been entirely removed, and in the other lot those in which the oper- 
ation had been only partially successful. 

In other cases I made use of a hot needle. The blastomeres 
are more certainly killed by this means; but iigury to the surrounding 
parts of the other blastomeres may also easily occur. The hot needle 
was especially successful when it was desired to kill all four of the 
upper cells at the eight-cell stage — an operation, which, as I have 
said, gives very unsatisfactory results with a cold needle. 

There is another consideration that can not be too strongly 
emphasized. Even if it is true that a large part of the material that 
goes to form the embryo is contained in the top of the egg, it does 
not necessarily follow that this material is all contained in the upper 
four cells of the eight-cell stage. An examination of the eggs shows 
that these cells have such different forms in different eggs, that they 
must include in some cases less, in others more of the material 
around the pole. It has also become clearer in recent years diat 
cleavage-boundaries need not coincide exactly with the organ-forming 
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areas of the protoplasm. Far from corresponding to the diagrammatic 
figures in most text-books, in which the four upper black cells of 
the frog's egg are represented as being equal in size, and placed 
symmetrically around the upper pole, tiie cells are rarely or never 
of equal size, and their relation to the anterior and posterior sides 
of the egg, and even perhaps to the upper pole of the egg itself is 
variable. In Figs. 1 and 2 an egg is drawn in which the upper 
four cells are narrower than usual from side to side, and are longer 
in an antero-posterior direction. In nearly all cases I have observed 
in this species of frog, Bana pahistriSj that the two anterior cells 
are more pointed, as is also to be seen in this figure. The pointed 
ends may exteud into or even through the gray area, and in extreme 
cases as in Fig. 2 into the lower hemisphere ap far down as that 
part of the egg on which the dorsal lip of the blastopore appears. 
In Fig. 3 the top of another egg is shown in which the upper cells 
are somewhat broader. In this case the whole upper group appears 
to be shifted somewhat in the direction of the anterior side of the 
egg, i. e., the meeting point of the four upper cells lies anterior to 
the black pole of the egg. 

The results of the experiments may be considered under the 
following headings: 

I. Removal (partial or complete) of the two anterior of the upper 

four cells. 
n. Removal (partial or complete) of the two posterior of the upper 

four cells, 
in. Removal (partial or complete) of the upper four cells of the 

eight-cell stage. 
VI. Injuring the top of the egg at the two-, and four-cell stages, 

I. Removal of the Two Upper Anterior Blastomeres 

of the Eight-Cell Stage. 

Some embryos that were obtained by means of this operation 
are shown in Figs. 4 to 11. The variety of forms that may result 
is evident from this series, and without a further examination of the 
results of the operation there may seem to be no connection what- 
soever between the removal of a part and the kind of embryo that 
results. When, however, the operation itself, with all of its possi- 
bilities, is taken into account the results are more orderly than ap- 
pears at first sight. These embryos may now be described in detail, 
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and then, using these as examples, the general results of the oper- 
ation, as seen in other experiments, may be considered. 

The embryo represented in Fig. 4 shows the posterior end of 
the medoUary folds with a laige yolk plug in the middle of the 
posterior region. At the anterior end the surface is raised in rounded 
masses, on which the head end of the embryo does not appear. 
Sections show that the medullary folds are united for a short dis- 
tance behind and in front of the yolk plug. At each side of the 
yolk plug a deep half-archenteron is present. At the anterior end 
the brain region is undeveloped. 

The embryo represented by Fig. 5 is somewhat more than a 
half-embryo, especially anteriorly, and lies along th^ right side of 
the exposed yolk. At the posterior end the other, left half of the 
embryo is somewhat developed, although anteriorly the medullary 
fold is entirely absent on this side. No sections were made of this 
embryo. 

The embryo drawn in Fig. 6 shows a nearly entire medullary 
plate along one side of an exposed yolk mass. Towards the pos- 
terior end, however, the half of the medullary fold on the side 
towards the yolk is less developed. Sections of this embryo show 
that a nearly bilateral medullary plate is present at the anterior 
end, although smaller than normal. In the middle and posterior 
regions the medullary plate is little more, if at all more, than a half- 
structure with the archenteron opening at the yolk side. The opposite 
side of the egg — across the yolk — iias been largely killed by the 
needle, especially superficially, and has failed to produce the missing 
half. It is evident that the operation has produced (as in the last 
case also) a greater defect on one side than on the other, and that 
only one side has developed, except in the head region where more 
than a half structure is present. 

The next embryo. Fig. 7, is nearly normal, except in the head 
region, where the medullary folds are much less developed than in 
the middle and posterior regions. The effect of the li\jury to the 
anterior blastomeres has been to produce a defect in the anterior 
end of the medullary plate. 

The embryo represented in Fig. 8 shows a different result of 

the operation. What appears to be a whole, altbongb shortened, 

medullary plate lies on one side of the exposed yolk. Scctiomi show 

that the groove on the surface corresponds to a thickening of the 

.inner layer of the ectoderm, but whether, as appears in surface view 
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to be the case, more than half of the medulkiy fold i« present or 
only a half is not clear. At the edge bounding the yolk an archev- 
teric invagination is present in the yolk, and a similar invagination 
is also present on the opposite side of the yolk mass (below tiie left 
side of the yolk of the surface view). This is only present along 
the posterior end, and not further forward, and here the surface ap- 
pears injured and vacuolated. At the anterior end, in front of the 
yolk-plug, the anterior part of the medullary plate extends somewhset 
over to the other side, but the material is very little developed, and 
quite irregular in arrangement. 

Fig. 9 shows again a half embryo with an imperfect anterior 
end, where a protrusion of the material is present. 

Fig. 10 is likewise a lateral embryo. Sections of tius embryo 
show both medullary plates present for a short distance around ^he 
posterior end of the yolk. On one side the plate quickly ends^ 
while on the other, as shown in the figure, it is quite well developed. 
A large exovate is present along one side (seen protruding from be- 
low and to the right in the figure), but it is no longer attached to 
the egg. At the head end the medullary plate, while not much more 
than half — if at all so — , is more symmetrical, and forms more 
nearly a whole structure. It is, however, little developed. 

Fig. 11 shows what appears to be a half-embryo, defective in 
the head region. Sections show that the other half of the embryo 
is also present on the opposite side of the yolk, but it is less well 
developed. On both sides, tb^ head ends of the medullary plates are 
defective; so much so, in fact, that they may be almost said to be 
absent. On that side of the egg not shown in this figure, the an- 
terior end of the medullary plate protrudes and is somewhat injured. 
The ectoderm contains large scattered cells interspersed with smaller 
ones. 

In all of these embryos there is direct evidence of defects in 
the anterior end. The half-embryos and spina bifida embryos are 
due to the material that goes to form the lateral lips of the blasto- 
pore on one or on both sides failing to cover over the yolk-hemi- 
sphere, and becoming differentiated largely in situ. It is interesting 
to note also, that when one side is less developed, the posterior end 
of that side is better formed than the anterior, and it was the aoterioT 
material that was operated upon in this series. 

Several eggs were killed at 5, 10, and 20 hours after the oper- 
ation in order to find out their condition at these times. Two eggs. 
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after 5 boors, show the blastomeres Airther divided and the segment- 
ation cavity appearing. The protoplasm of the cells, that had not 
been themselves stnck, is drawn out towards the place of injury, 
and is, in consequence, somewhat ii^jured, i. e., it is not segmented 
regularly, but contains nuclei and elongated pigment streaks. Four 
eggs, after 10 hours, show further segmentation; the segmentation 
cavity is large in some eggs, smaller in others, and irregular in 
shape. The place of injury appears to lie at a level with the floor 
of the segmentation cavity ; and here the protoplasm protrudes some- 
what and is irregularly and incompletely divided into cells. This 
lateral (anterior) location of the exovate indicates that the protoplasm 
of the remaining cells has been drawn out when the blastomeres 
were removed, and that a shifting of the cells remaining at the top 
of the egg has to some extent taken place. One of these eggs had 
been so much injured tibat it had divided in only a small region, — 
the rest of the egg containing a few scattered nuclei. No segment- 
ation cavity is present 

After 20 hours two eggs show further segmentation. A large 
segmentation cavity is present, situated somewhat excentrically, and 
the protoplasm, in the region of the blastomeres that had been re- 
moved, is abnormal in appearance and not divided. Another egg of 
this set is much more injured, and the yolk less divided. A small 
segmentation cavity is present, situated excentrically. 

In one set, in which the two apper anterior blastomeres of the 
eight-cell stage had been stuck with the intention of removing them, 
a few eggs were preserved at once, and later more carefully ex- 
amined under the microscope in order to see how successful the 
operation had been. In six cases the contents of the two anterior 
blastomeres had been entirely removed, and the two posterior left 
uninjured. In one case one of the two upper blastomeres had been 
entirely removed, and only a part of the other one. After five hours, 
Bix other eggs were killed with formalin and examined ; two of these 
had continued to divide, while four appear wrinkled on the surface 
and the protoplasm had remained undivided. 

These observations give some idea of what can be expected 
from the operation unless each egg is carefully examined after the 
attempt to remove the blastomeres. While, in general, it may be 
said diat the operation can* be successfully carried out, this is not 
always the case, and pieces of the iiyured blastomeres must some- 
times remain, and in consequence some portion of their material may 
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be contributed towards the formation of the embryo. Not infrequently 
also the rest of the egg is so much injured by the removal of the 
upper blastomeres that it may fail to segment entirely, or in part. 
Sections show that the protoplasm of the lower cells in the immediate 
vicinity of the ones removed is often drawn out and may be so in- 
jured that it fails to segment; and thus a more extensive region than 
the part immediatly stuck may become involved in the operation. 

An examination of all the material resulting from this operation 
gave the following results: 

In one lot of eggs the posterior parts of the medullary plate were 
present, and the anterior part was injured or defective in sixteen 
cases; one normal (?) embryo developed, and three embryos had a 
circular blastoporic rim, but had not further developed. Eighteen 
eggs were dead. 

In another lot two half-embryos developed, one a much shortened 
and imperfect half; the other an elongated spina bifida embryo; three 
eggs were dead. The condition of the head end in the former two 
was not sufficiently examined, since sections were not made. 

In another lot (after 3 days) twelve eggs had segmented, but 
the blastopore lip had not yet appeared. The eggs showed marked 
injuries in the region of sticking; eight eggs were dead; four showed 
the beginning of the blastopore just below the black area. The form- 
ation of the embryo had been delayed in these eggs, as usually 
happens after an operation. 

In the two following series the eggs were operated upon with 
greater care, and an hour or more after the operation they were 
re-examined, and separated into two groups; jn one of which the 
contents of the two injured blastomeres had been completely removed, 
while in the other group the operation had failed to remove com- 
pletely the contents of one or of both of the injured blastomeres. 

Group 1. Contents all out. Six eggs had not developed further 
than the early segmentation stages and were dead. 

Group 2. Contents not all out. Three eggs showed the posterior 
end of the medullary plate, while anteriorly they were defective. 
Two were segmented on one side only. 

A few other series were also examined, but as they gave noth- 
ing different from those described above they may be omitted here. 

Conclusions: The effect of this operation shows unmistakably 
that the anterior end of the embryo is generally defective after the 
removal of the two anterior blastomeres. The frequent appearance 
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of half-embryos probably means that the egg has been more injured 
on one side than on the other, and it is interesting to find in these 
cases also, that the head end of the half-embryo is often defective. The 
spina bifida embryos result from the failure of the halves to grow 
over the yolk, and these, too, generally show a defective anterior end. 



II. The Two Upper Posterior Blastomeres Removed 

at the Eight-Cell Stage. 

An embryo from an egg operated on in this way is shown in 
Fig. 12. Posteriorly it terminates in a plate, projecting over the 
yolk, that carries on its surface a continuation of the medullary plate. 
In this case the dorsal lip had appeared, no doubt, and had advanced 
for a certain distance over the lower hemisphere, receiving contri- 
butions from the lateral lips. Its further advance was hindered by 
the lack of power to advance of the lateral lips, represented in part 
by the line between the black and the white. Sections show that 
the anterior end is well developed; a wide archenteron is present 
beneath the dorsal surface. 

The next embryo, Fig. 13, is very similar. The anterior end is 
present, but posteriorly the embryo ends as in thejast case. One 
side is more complete than the other, so that the medullary plate 
appears to lie excentrically on the yolk. This condition is due, as 
has been said, to one side being better developed, and, therefore, 
more extensively covered by ectoderm, and secondly to the greater 
advance of the dorsal and lateral lips of the blastopore on this side. 

The next embryo. Fig. 14, is similar in many ways to the last. 
The head end is well developed. Sections show that while both 
sides are defective posteriorly, one side is more so than the other. 
The archenteron comes to the surface along the black edge shown 
on the left side of the figure. The posterior end of the medullary 
plate is more complete on the right side of the figure. 

The embryo shown in Fig. 15 is a spina bifida form. It is not 
possible to determine with certainty which is the anterior and which 
is the posterior end. Sections show that the half-medullary plates en- 
circling the yolk meet at what appears to be the anterior end, while 
at the other end, presumeably the posterior, the half-folds fail to 
meet, and the region between them is injured. 

The next figure, Fig. 16, is little more than the dorso-anterior 
part of an embryo. The suckers (adhesive glands) appear at the 
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anterior end of the black cake-like part of the egg, and behind them 
the groove on the surface indicates the line of union of the anterior 
portion of the medullary folds. The medullary plate has rolled in, 
and its sides have met and fused beneath the surface. Beneath the 
medullary tube there is a notochord in the middle and in the more 
posterior parts of the embryo, and beneath this is a rather large 
(especially anteriorly) archenteron, which extends to the posterior 
end, but does not open laterally along the edges of the black region. 
These edges, shown in the surface view, can not, therefore, be looked 
upon as the undeveloped lateral lips of the blastopore. 

The relative number of the different kinds of embryos resulting 
from killing the two upper posterior blastomeres is indicated by the 
following records. 

In one series, in which the contents of these blastomeres had 
been completely removed, when examined, ten hours after injury, 
two eggs had segmented, except in the region of the exovate; and 
in another lot, in which the contents of the injured blastomeres had 
not been entirely removed, three had segmented except in the region 
of injury, and one had segmented only very imperfectly. 

In another series, killed four days after the operation, one egg 
showed a blastoporic rim on one side about two-thirds the distance 
down the egg; the other side of the egg seemed to be dead. Another 
egg had produced a half- embryo on one side (rather imperfectly 
formed) and an imperfect edge along the other side of the yolk. In 
another lot, three eggs were dead, one had formed a nearly perfect 
embryo, and the third is shown in Fig. 16. 

In another, better series, eight embryos had a nearly normal 
anterior end; five eggs had segmented, but no embryo had yet 
developed, and eleven were dead. The embryos represented in 
Figs. 12 — 15 are from this set. 

Conclusions: The evidence in favour of a posterior defect in 
the embryo, after the removal of the two posterior blastomeres, is 
much less satisfactory than in the case of the removal of the two 
anterior ones. We can at least surmise the cause of this difference. 
In the first place the two upper posterior blastomeres are relatively 
higher up on the egg than are the two upper anterior ones. Hence 
the material contained in them is probably not carried so far down 
on the posterior side of the egg as is the material of the two an- 
terior blastomeres. In the second place, the posterior lip of the 
blastopore appears to come in further down in the lower hemisphere 
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than dees the dorsal lip. In the third place the posterior end of 
the embryo is much less characteristic and difficult to identify than 
is the anterior end. It does not dififer much, superficially, Arom the 
lateral posterior parts of the medullary folds, and if the latter should 
fail to develop as far as the real posterior end, it would be difficult 
to distinguish between their ending and the normal posterior end of 
the embryo. 

From these considerations it follows that it Would be much more 
difficult to establish that the two upper posterior blastomeres con- 
tribute to, the embryo than was the case for the two upper anterior 
blastomeres. It can not, perhaps, be claimed that the results here 
recorded demonstrate that the material of these posterior blastomeres 
is really added to the embryo, although, I think, the results do make 
this view probable. This same question will come up again for 
consideration in the next experiment, in which all four cells at the 
top of the egg were injured or removed. 



III. Injury to or Removal of the Four Upper Blastomeres 

at the Eight-Cell Stage. 

If this experiment could be successfully carried out it ought to 
give a more complete answer to our problem than either of the two 
preceeding experiments. Certain technical difficulties, however, make 
it very difficult to perform the experiment with entire success. If 
the contents of the upper four cells is entirely removed the rest of 
the egg often collapses, or more often fails to develop further, aU 
though, as sections show, the nuclei may continue to divide. In 
the second place it is by no means easy to remove entirely the con- 
tents of all four blastomeres without causing the changes just mentioned. 
Nevertheless, if the contents are even largely removed the experiment 
should give results that bear directly on the present question, and 
such has proven to be the case. 

Fig. 17 shows an embryo from which the four upper cells had 
been more or less completely removed. The top of the egg still 
contains an injured region. The blastopore had formed below the 
equator of the egg, but had not developed further, although the 
embryo had been kept for several days. Sections show that the 
whole top of the egg has been destroyed — more extensively so 
than the figure indicates. Beneath this dead part is a fluid space 
containing a coagulated fluid. The lower portion of the egg is divided 
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into cells and the blastoporic rim, seen in the figare, is represented 
by a slight in-palling of yolk cells as in the normal invagination. 
On one side a little ectoderm is differentiated above the blastoporic 
rim, and underneath this there is a little mesoderm. On the opposite 
side no such differentiation has taken place. The sections give every 
appearance that the region of the blastopore is lacking quantitatively 
in the material that goes to produce the embryo. 

The next figure, Fig. 18, is similar to the last Sections of this 
egg also show a very much injured region at the top of the egg. 
The lower part is cellulated, and a narrow depression marks the 
blastoporic rim. The cells bordering this groove are pointed and 
have pigment in their outer ends. There is no ectodermal or meso- 
dermal differentiation above the rim. 

In other experiments a hot needle was thrust into the upper 
four cells, and moved about, so that these cells were injured or 
killed by the heat. . This method has the advantage that the egg 
is less likely to collapse than when the blastomeres are removed. 
It has the disadvantage that it is more difficult to determine after 
the operation how extensive the injury has been. In fact the 
heat may often injure the upper parts of the lower four blasto- 
meres. 

The egg drawn in Fig. 19, is a late stage after an operation 
of this sort. The top of the egg is dead, the lower part is cellul- 
ated. As yet the blastopore has not appeared. 

Fig. 20 represents another egg in which, as sections show, a 
much less extensive injury than in the three preceeding cases has 
taken place; and, in fact, some of the material of the top on one 
side appears to have been left and to have formed a solid group of 
small cells on that side in which the blastopore appears on the sur- 
face. The latter lies in the large cells far below the collection of 
small cells. The larger cells show some differentiation above the 
blastopore. 

The egg represented in Fig. 21 is similar to the last, but has 
developed only on one side. No sections were made in this case. 

A few other eggs killed at different times after the operation 
were also cut into sections. One egg, after eight hours, shows the 
top killed, the rest divided into cells ; another after ten hours shows 
the protoplasm undivided, the nuclei dividing; another after twenty 
hours shows the lower portion divided, the upper parts of which 
contain smaller cells than the lower ; and another egg of the same 
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lot was BO much injured by the heat that the nuclei are dividing 
in only one part of the egg. 

In the two following cases the contents of the upper four cells 
had been entirely removed with a cold needle. One of these, killed 
after ten hours, showed numerous nuclei, but the protoplasm had not 
divided; the other, after three days, showed the top of the egg 
entirely killed, the rest of the egg being divided for the most part 
into many cells. On one side no protoplasmic division had taken 
place. Later stages of eggs operated upon in these ways gave the 
following general results: 

In one series (hot needle) ten eggs were dead; two others had 
segmented on one side only. In another set about sixty eggs oper- 
ated upon were dead and only two or three showed late segment- 
ation. In both of the preceeding sets a hot needle had been used 
and the eggs were preserved after three days. In another set (cold 
needle), after four days, five eggs were dead, and two had segmented 
only on one side. In another set (hot needle), in which the entire 
contents of the cells was removed, four eggs died, and two had 
segmented in the remaining part. In another set, in which the blasto- 
meres were not completely killed, two eggs show a blastoporic rim, 
one had formed a normal embryo, and one had gone no further 
that a late segmentation stage. 

In another set, in which also the contents of the upper blasto- 
meres was not entirely removed, nine eggs died, four had segmented, 
but no embryo had formed, and two showed a blastoporic rim. In 
one the rim lay below the equator, and in the other high up on the 
side of the egg. 

In still another series, in which the contents of the blastomeres 
had not been entirely removed four were dead, four had segmented 
on one side, two showed a blastoporic rim (one of these had an in- 
complete anterior end of the medullary plate). In another set, a 
blastoporic rim and the imperfect anterior end of an embryo was 
present. 

These examples will serve to illustrate the outcome of this oper- 
ation. There were more than fifty other cases similar to these. 

Conclusions: The most common result of the operation is 
either to kill the egg or so to injure it that the other cells fail to 
divide, and the egg dies. When, however, the remaining portion of 
the egg segments it may produce a circular blastoporic rim. In some 
cases in which the top cells were not entirely killed or removed a 
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part of the embryo appeared, bat it is imperfeet and defieient. The 
lack of development may be due, in some cases, either to the injury 
preventing the formation of the embryo, or to the lack of embryo- 
forming material. Both factors are, no donbt, sometimes involved, 
bnt it seems more probable, in the light of other results with injured 
eggs, that the outcome is due mainly to the lack of material. 



IV. Injuring the Top of the Egg at the Two- and Four-Cell Stages. 

In order to determine whether the material that takes part in 
the formation of the embryo is already present at the top of the 
egg in the two-, and four-cell stages, and does not move into that 
part during the formation of the upper four cells, the following oper- 
ation was attempted. The top of the egg was stuck with a hot 
needle at the two, and at the four-cell stage. At the two-cell stage 
it is more difficult to locate the top, and the results are less uniform 
than for the four-cell stage. In one set (after five days) of the 
four-cell stage series, three eggs died; three segmented, but formed 
no blastopore; two had a blastopore and a trace of the anterior end 
of the medullary folds. ' Another embryo of this lot is shown in 
Fig. 22. The anterior end is well developed, the middle ajod pos- 
terior parts extend along one side of the yolk. In this case the 
injury has affected mainly one side, so that something more than a 
half embryo results. The particular conditions that lead to the form- 
ation of this kind of embryo will be discussed later. In another 
case a short, but nearly normal anterior end of an embryo de- 
veloped. 

In another series, stuck at the two-cell stage, twelve eggs showed 
delayed segmentation; one showed the blastopore nearly closed and 
a medullary plate imperfectly outlined in front of it. Another egg 
showed a shortened embryo lying along one side of the yolk, some- 
what as in the last figure ; a third had a blastoporic rim around the 
equator; and a fourth had a small yolk plug, but no medullary folds 
had as yet appeared. 

Conclusions: The results of injuring the top of egg at this 
time give, in general, results similar to those after injury at the 
eight-cell stage, but the outcome is so variable that the experiment 
is unsatisfactory. The results recall the early experiments of Boux, 
in which parts of the unsegmented egg were caused to exude by 
sticking the egg with a needle. The many different kinds of embryos 
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that he obtained can, with difficulty, if indeed they can at all, be 
referred to the kind of part removed. The shifting that takes place 
after an operation of this sort, if it is a serere one, causes such 
extensive changes in the protoplasm that the results are difficult to 
interpret. The same danger, but to a much smaller degree, is also 
met with when the eight-cell stage is punctured. 

One of the peculiar methods of development that occur after 
injury to the egg calls for special comment. A medullary plate, that 
is more than a half plate, especially at its anterior end, may appear 
lying excentrically on the dark part of the egg. It sometimes appears 
to lie along one side of the yolk as shown in Figs. 6, 8 (?), 13, 14, 22. 
At first sight it appears that one half of the egg has formed nearly 
a whole embryo; and as such cases seem to occur more frequently 
when the other half of the embryo has failed to develop, this con- 
clusion might seem all the more probable. The real meaning of 
embryos of this kind is best understood by means of the following 
diagrams, Figs. 23—26. The first of these shows the egg as seen 
somewhat from below. One side of the egg, indicated by the cross- 
lines, has been injured, but the injury does not extend to the middle 
of the region in which the dorsal lip of the blastopore appears, as 
shown in this figure. In later stages the lateral lip of the blasto- 
pore extends around one side of the yolk, as shown on the right 
side of Fig. 24, while on the other side it extends only to the region 
of injury. The dorsal and lateral lips now begin to grow over the 
lower hemisphere, as shown in Fig. 25, and finally extend to the 
posterior region of the embryo, as shown in Fig. 26. The medullary 
fold appears, as shown in this figure, on the region overgrown 
(and also somewhat in front of the first position of the dorsal lipj. 
The archenteron opens to the exterior between the letters B — P in 
Fig. 26, but the dark-white line anterior to this, It — B in the figure, 
is not a blastoporic rim, but the line between the uninjured and in- 
jured parts of the egg. The medullary plate is a whole structure 
at its anterior end because it is derived from the material in front 
of the first position of the dorsal lip, where the » whole* primoidium 
of this part of the embryo is present. Behind the head region, the 
medullary plate is a complete half-structure on the right side, be- 
cause it contains all of the material of that side of the egg; but the 
left half of the plate is incomplete, the more so the more posterior 
the region examined. The cause of this deficiency on the left side 
is due to lack of material; and that part of it that is present is due 
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to the little material of the left side of the dorBal lip that is carried 
backwards as the dorsal lip grows posteriorly. The amount of this 
material continnaUj decreases from before backwards, and, in some 
cases, may be totally lacking at the posterior end. The opening of 
the archenteron along the edge of the more-than-half plate, between 
the letters B—P in Fig. 26, supports the interpretation that I have 
given to these embryos. On any other interpretation the opening 
oat of the archenteron at the side of a medullary plate, that is more 
than half, is difficult to explain. 



Discussion of Results. 

These experiments have been only partially successful owing 
to the difficulty of the operation and to the great mortality amongst 
the injured eggs. Nevertheless I believe the results show evidence 
of a direct connection between the removal of the blastomeres at the 
top of the egg and definite defects in the embryo. Whether these 
defects are entirely due to the removal of the material of the upper 
cells or to certain indirect eflfects of the operation will bear closer 
examination. The following considerations should be given due weight 
in this connection. 

First: The fact that a large percentage of eggs die without 
forming an embryo makes it somewhat hazardous to draw conclusions 
from those that do survive. This objection curries less weight, how- 
ever, if it be remembered that the eggs have been sorted into lots 
according to the extent of injury to the punctured cells, and embryos 
have been obtained from all the lots. This shows that some at least 
of the eggs that survive have had the entire contents of the injured 
blastomeres removed, and have produced defective embryos. 

Second: The difficulty of completely removing the contents of 
the blastomeres aflFects the value of the results to some extent, unless 
great care is taken to examine the eggs after the operation, and to 
remove those, in which parts of the punctured blastomes have been 
left. In the cases in which the greater part of the blastomere has 
been removed, the eflfect should be almost the same as when the 
entire contents is removed, provided the result depends on the loss of 
the protoplasm rather than of the nucleus ; and this, in fact, appears 
to be the case from the results of recent experiments on other forms, 
as for example the ctenophors (Driesch and Morgan, Fischel), the 
mollttsks (CuAMPTON, Wilson), the sea-urchin (Driesch, Boveri), etc. 
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Third: The eflfect of removal on the neighboring blastomeres, 
causing them often to remain undeveloped or to protrude at the region 
of injury, may produce a more extensive injury than that intended. 
This is, I believe, the most serious objection to the experiment. 
Sections show that this result not infrequently occurs. I do not doubt 
that some of the defective embryos have arisen in this way, and 
since the regions indirectly affected are in that part of the egg where 
the expected results of the operation are looked for, too great caution 
can not be used in interpreting the results. 

Fourth: As has been already pointed out, other results led me 
to suspect that the embryo-forming material of the frog's egg lies, 
at first, somewhere around the top of the egg, though not necessarily 
immediatly over the pole itself. It is not probable that this material 
is contained entirely in the upper four cells of the eight-cell stage, 
and even if in large part the cell boundaries need not correspond 
exactly with embryo-forming areas. In fact, I believe, the recent 
results referred to above only show that a large amount of a parti- 
cular substance may be contained in a given cell, and, in conse- 
quence, determine its fate. Other, neighboring cells especially, may 
contain smaller amounts of the same substance (combined with other 
kinds), and the kind in largest amount may determine the different- 
iation of the cell. From this point of view we can better understand 
the regenerative capacity of certain eggs after the removal of the 
blastomeres. In the frog^s egg the different shapes of the upper cells 
at the eight-cell stage would seem to indicate that a larger amount 
of certain parts of the embryo-forming-material is contained in them 
in some cases and a smaller amount in others; and this, in tarn, 
might lead to quantitative differences in the effect of their removal. 
Also, if I am right in my conjecture, viz., that the upper meeting 
point of the first four cells may lie at different points in the upper 
hemisphere, this also would lead to some differences in the. results 
of the operation. 

Fifth: I have tacitly assumed that the median plane of the 
embryo may be expected to agree with the plane of symmetry of 
the gray crescent. This is generally, but not always, the case, as 
shown by the observations of Newport, Pfluger, Roux, Kopsch, 
Morgan, and Morgan and Boring. It has been shown by the latter 
writers for the species of frog used in these experiments, Rana 
pcdtistris, that in a small percentage of cases the two planes do not 
coincide, and furthermore that the second furrow may sometimes 
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coincide with the middle of the crescent, in which case the middle 
plane of the embryo sometimes agrees with the first, sometimes with 
the second plane of cleavage. It is, therefore, always possible that 
a few of the eggs may be in these conditions, and, consequently, 
the removal of the two blastomeres on the crescent side may not 
involve the removal of the two anterior, but of two lateral cells. 
Some of the results may be due to this, but the chance is small 
that such eggs are used, and develop, and the general results are 
not, I think, seriously affected by this exceptional relation. 

Due weight must be given to all of these points. I have kept 
them constantly in mind, but I think that serious as the difficulties 
are, the results indicate a direct connection between the operation 
and the effect produced in the embryo, and I conclude that the 
removal or the destruction of the material of the upper 
four cells of the eight-cell stage shows that this material 
is necessary for the complete formation of the embryo, and 
the results are not due, except in small part, to an indirect effect 
of the injury. The result is more evident in the case of the two 
anterior of the upper four cells than in the case of the two posterior. 
The position of the dorsal lip of the blastopore and of the head on 
the egg would also lead one to expect that this would be the case. 

Comparing the results of this operation with those of Roux in 
which one of the first two blastomeres is simply stuck with a hot 
needle, there is a marked difference in the outcome ; for, many more 
of the eggs die or fail to produce an embryo when the upper cells 
are removed than when the development of one of the first two 
blastomeres is delayed by the injury. This difference is due mainly 
to the secondary effects produced by removing the blastomeres, but 
also, in part, I think, to the effect of removing part of the embryo- 
forming material. In Roux's operation half of all the kinds of 
materials are left in the uninjured blastomeres, and bring the un- 
injured half to its half- development. Furthermore, as Hertwig, 
Curt Ziegler, Morgan, and Morgan and Torelle have pointed 
out the injured blastomere in Roux's experiment is, as a rule, only 
delayed in its development, and is not killed (except rarely). Its 
> postgeneration* is largely its retarded development. 

If, then, the embryo-forming material lies in the upper hemi- 
sphere, and is contained in part in the upper four blastomeres of the 
eight-cell stage, how is this material carried later to or below the 
equator of the egg? It is my intention to deal later with this 
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question in a separate contribution, which involves a re-examination 
of the entire early development, bat I may anticipate my conclusion 
here, since it is so intimately bound up with the present question. 
The movement downwards and outwards of the material of the upper 
part of the egg is a consequence of the formation and enlargement 
of the segmentation cavity. This cavity appears at the eight-cell 
stage, and as it enlarges during the segmentation period its roof be- 
comes thinner, and part of the material that was contained in the 
upper four blastomeres of the eight-cell stage, and also that contained 
in the upper ends of the lower four cells, is carried outwards over 
the roof and sides of the segmentation cavity towards the equatorial 
regions of the egg. In this region it is in position to take part in 
the formation of the head and sides of the embryo, forming a ring 
around the egg which is higher (thicker) in the region of the head. 

If the formation of the segmentation cavity is prevented the 
material of the upper part of the egg remains in position, and the 
sides of the embryo may develop relatively high up on the egg, as 
occurs in several forms of abnormal development; such, for example, 
as result from a eentrifugal force or from salt -solutions, or from 
other agents. When only two of these upper cells are removed the 
segmentation cavity still appears, especially on the opposite side of 
the egg, and that half of the embryo develops, not, however, be- 
cause the segmentation is present, for, the embryo may develop high 
up on the egg even when the segmentation does not appear, but 
because the embryo-forming material of that side has not been lost, 
while the other side, on which the removal occurred, can do no 
more than form the beginning of its part of the embryo. 

By means of this hypothesis which postulates the movement of 
the materials downwards and outwards we can explain, in large 
part, the different kinds of abnormal embryos obtained in the ex- 
periments that I have carried out on the frog's egg, as well as the 
result of the experiments here described. 



Conclusions. 

The appearance of the embryo of the frog on the black hemi- 
sphere of the egg in m^ny forms of abnormal development led to 
the hypothesis, that the material out of which the normal embryo 
forms, may be contained at first in the upper hemisphere, and become 
transferred during the cleavage period to the equatorial regions. 
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In order to determine whether this material is contained, in part, 
in the upper four blastomeres of the eight-cell stage, these blasto- 
meres were removed by means of a cold needle, or destroyed by a 
hot needle. In one series of experiments only the two anterior blasto- 
meres (i. e., those on the side of the gray crescent), in other series 
the two posterior, and in still other series all four upper cells were 
removed or destroyed. 

When the two upper anterior blastomeres of the eight-cell stage 
are removed defects in the anterior end of the embryo generally 
occur. 

When the two upper posterior blastomeres of the eight-cell stage 
are removed the anterior end of the embryo generally develops, but 
the results do not show definitely whether the removal of these cells 
causes defects in the posterior regions of the embryo, although this 
appears probable in several cases. This may, however, have been 
due to indirect eflFects of the operation. The greater difficulty of 
identification of the posterior end, and the lower position of the 
ventral lip (than of the dorsal lip) of the blastopore on the egg renders 
the results of this operation less determinative than the former. 

When all four of the upper blastomeres of the eight-cell stage 
are removed or destroyed most of the eggs die as the result of the 
operation; some continue for a while to segment, but do not produce 
an embryo; a few succeed in forming a circular blastoporic rim 
(formed by the pulling-in of yolk-bearing cells), and although indi- 
cations of the presence of ectoderm and of mesoderm above the 
blastoporic rim occur, there does not seem to be sufficient material 
present to produce the embryo. The results appear to be due to the 
removal of embryo-forming material. 

Caution must be used in interpreting these results as due only 
to the removal of embryo-forming material. The most important of 
these considerations is that more extensive injuries to the egg, than 
are actually involved in the removal of the blastomeres, can often 
be shown to take place, so that the injurious eflFects of the operation 
may involve neighboring parts of the egg. Another difficulty is found 
in that diflferent regions of the top of the egg may be inclnded in 
the upper four cells in diflferent forms of cleavage. A further diffi- 
culty arises from the lack of agreement in some cases between the 
median plane of the embryo and the plane of symmetrj" of the gray 
crescent. These, and other difficulties mentioned in the foregoing 
pages, show that great care must be used in interpreting the results; 
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nevertheless the results indicate on the whole that some at least of 
the embryo-forming material that goes towards the formation of the 
head and sides of the embryo is contained in the upper four blasto- 
meres of the eight-cell stage. 

It is suggested that the movement downwards of the material 
of the black hemisphere that goes to form the embryo is due to the 
enlargement of the segmentation cavity; as a result much of the 
more protoplasmic part of the egg is carried to and below the 
equatorial regions, from whiah the dorsal portions of the normal 
embryo derive their material. 

July 20, 1904. 



Zusammenfassung. 

Das Erscheinen des Froschembryo auf der schwarzen Eihemisphare in 
einigen Formen abnormer Entwicklnng leitete zu der Hypothese, daB das 
Material, ans welchem sich der normale Embryo bildet, zu Beginn in der 
oberen Hemisphare enthalten sein kann und wahrend der Farchungsperiode 
nach der Aquatorialregion geschoben wird. 

Um zu bestimmen, ob dies Material zu einem Teil in den oberen vier 
Blastomeren des Achtzellenstadiums enthalten ist, wurden diese Blastomeren 
mittels einer kalten Nadel entfemt oder mit einer heiBen Nadel zerstiirt In 
einer Versuchsreihe wurden die beiden vorderen Blastomeren (d. h. diejenigen 
auf der Seite des grauen Halbmondes Rouxs), in andern Versuchsreihen die 
beiden hinteren und in noch andern Versuchsreihen alle vier oberen Zellen 
entfemt oder zerstOrt. 

Wenn die beiden vorderen oberen Blastomeren des Achtzellenstadiums 
entfemt werden, entstehen im allgemeinen Defekte im vorderen Ende des 
Embryo. 

Wenn die beiden hinteren oberen Blastomeren des Achtzellenstadiums 
entfemt sind, so 'entwickelt sich im allgemeinen das vordere Ende des Em- 
bryo, aber die Resultate zeigen nicht definitiv, ob der Ausfall dieser Zellen 
Defekte in den hinteren Regionen des Embryo erzeugt, obgleich dies in einigen 
Fallen wahrscheinlich erscheint. Dies kann jedoch indirekten Effekten der 
Operation zuznschreiben sein. Die gr(5Bere Schwierigkeit, das hintere Ende 
wiederzuerkennen, und der Umstand, daB die ventrale Blastoporaslippe am £i 
tiefer liegt als die dorsale, machen die Resultate dieser Operation weniger be- 
stimmt als die ersteren. 

Wenn alle vier oberen Blastomeren des Achtzellenstadiums entfemt oder 
zerstOrt werden, so sterben die meisten Eier infolge der Operation ; einige fahren 
noch eine Weile fort sich zu teilen, bringen aber keinen Embryo zustande; 
einige wenige erreichen es, einen kreisfOrmigen Blastoporasrand zu bilden (ge- 
bildet durch die Einstiilpung der Dotterzellen), und obgleich Andeutungen von 
Ektoderm und von Mesoderm liber dem Blastopomsrand vorhanden sind, so 
scheint sich hier nicht gentigend Material zu finden, um einen Embryo zu bilden. 
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Die Resnltate mttssen, wie e^ scheint, der Entfernang des embryobildenden 
Materials zngeschrieben werden. 

Man mu6 yorsichtig sein bei der Deatung dieser Resnltate als Folge- 
erscheinnng der Entfernang des embryobildenden Materials allein. Das Wich- 
tigste dieser Betrachtungen ist, daB offenbar ansgedehntere Yerletzongen des 
Eies, welche in Wirklichkeit die Entfemnng der Blastomeren mit sich bringt, 
Platz greifen, so daB die schadlichen Folgen der Operation Nachbarteile in dem 
Ei ergreifen kOnnen. Eine weitere Schwierigkeit liegt darin, daB verschiedene 
Regionen der Oberseite des Eies in den vier oberen Zellen bei verschiedenen 
Forchnngsformen enthalten sein kOnnen. Eine weitere Schwierigkeit rtthrt in 
einigen FSllen von der fehlenden Vbereinstlmmnng zwischen der Medianebene 
des Embryo and der Symmetrieebene des granen Halbmondes her. Diese and 
andre Schwierigkeiten warden anf den vorhergehenden Seiten erwahnt; sie 
zeigen, daB man groBe Yorsicht bei der Deatang der Resnltate anwenden 
maB; nichtsdestoweniger zeigen die Resnltate im ganzen, daB wenigstens 
einiges von dem embryobildenden Material, welches bei der Bildnng des Kopfes 
nnd der Seiten des Embryo beteiligt ist, in den oberen vier Zellen des Acht- 
zellenstadinms enthalten ist. 

Es wnrde angedentet, daB die AbwUrtsbewegnng des Materials der schwar- 
zen Hemisphere, welches bei der Bildnng des Embryo beteiligt ist, der Ver- 
grOBernng der Fnrchangsh(5hle znzaschreiben ist; ein Resoltat dieser Bewegang 
ist, daB viel von dem mehr protoplasmatischen Telle des Eies za den nnd onter 
die Hqnatorialen Regionen, aas welchen die dorsalen Telle des normalen Embryo 
ihr Material beziehen, beft5rdert wird. 
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Experimental Studies on the Eye of the Frog Embryo. 



By 

Helen Dean Sing. 



With Plate VI. 
Eingegangen am 21. November 19Q4. 

It was shown by Bonnet (3) in 1780, that if the greater portion 
of the eye of Triton is removed and only a small piece remains 
attached to the optic nerve, a new eye will regenerate in the course 
of a few months. This result was confirmed later by the experi- 
ments of Blumenbach (2), Philippeaux (13), and Colucci (4). At the 
present time, interest in experimental work on the eye of amphibians 
seems to be concerned principally with the origin and manner of 
formation of a new lens after complete or partial extirpation. Much 
careful work has already been done along this line, noticeably by 
Wolff (20 — 22) and by Fisciiel (5—7) both of whom have worked 
on the lens formation in the eye of Triton which seems to be a very 
favorable subject for such investigations. 

The experiments recorded in the present paper were begun in 
the spring of 1900; but before any definite conclasions had been 
reached, Spemann (18) published the results of a small series of 
experiments on young embryos of Rana fiLsca. In these experiments 
Spemann destroyed one side of the head before the medullary folds 
had closed in order to ascertain whether the various processes in the 
development of the eye are correlated or not. From his results, 
SpEifANK concludes that an optic vesicle can change into an optic cup 
when the influence of the lens is barred out, and that the formation 
of a lens is dependent on contact between the epidermis and the 
optic cup: the optic cup, it appears, must reach a definite grade 
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of development before a lens arises^ and no lens fonns before this 
time. The first of Spemann's eonclosions, i. e. that the optic 
vesicle can change into an optic cup without the presence of a 
lens, I can fully confirm; but my results do not support Spemann's 
other conclusions as will be shown later. 



I. Method. 

Embryos of Rana palustris were used for all experiments, and, 
with the exception of those described in Section 11, they were oper- 
ated upon at the stage of development when the brain vesicles are 
well defined and the medullary folds are beginning to unite. In 
making the operation, the embryo was transferred to a piece of 
moist filter paper placed on the stage of a dissecting microscope, 
and then a puncture was made with a heated needle on one side of 
the head in the region of the fore-brain from which the optic vesicle 
would normally develop. 

The operation is a severe one, and about one-half of the 800 
tadpoles operated upon died within twenty-four hours as a direct 
result of the injury. Of the embryos that survived the operation, 
nearly one- fourth, when killed and sectioned, showed perfectly 
normal eyes on both sides of the head; in the remaining embryos 
either an eye was lacking on the injured side of the head or, if 
one formed, it was more or less abnormal in shape and position. 
This lack of uniformity in the results is due, in part at least, to the 
fact that it is impossible to heat the needle at uniformly the same 
temperature in all of the operations, and also to the fact that the 
puncture did not always injure exactly the same region of the fore- 
brain. 

Removing the entire eye irom an embryo in which the lens and 
cornea have already formed is a comparatively simple operation and 
one that is rarely followed by fatal results if sufficient care is taken 
during the operation not to injure the surrounding tissues. If a heated 
needle is inserted into the centre of the optic cup, the tissues adhere 
to its surface and the entire eye can be withdrawn at once. The 
tadpole very soon recovers from the shock of the operation, and the 
injured surface is entirely healed over in the course of two or 
three davs. 
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II. The Effects of a Total Extirpation of the Eye of a Tadpole 
After the Formation of the Lens and the Cornea. 

Experiments made by Philippeaux and by Colucci have 
shown conclnsiyely that the adults of various species of amphibians 
are not able to regenerate an eye after the total extirpation of the 
old one. Amphibian embryos, however, have a much greater power 
of regeneration than have the adults, and it might be possible 
that the embryonic tissues of the head would possess the power to 
regenerate a new eye, although this power is totally lacking at 
a later period of development. To test this point the eye was 
removed from a number of tadpoles measuring abont 12 mm. in 
length. Only seven out of total of 125 tadpoles that were operated 
upon died in the course of the week following the operation, and 
in these cases the brain had been injured when the eye was re- 
moved, as one side of the head was greatly distorted after the wound 
had healed. Beginning about a month after the operation and con- 
tinuing for a number of weeks, a few of the embryos were killed 
at intervals of five days, although there was no external evidence 
of an eye on the injured side of the head in any case. Serial 
sections through the heads of these embryos failed to show, in a 
single instance, the slightest indication of a regeneration of the 
missing eye. The outer ectoderm, which had completely covered 
the injured region in the course of 2 — 3 days after the operation, 
appeared to be of the same thickness and the cells seemed to have 
the same general character as those on the uninjured side of the 
body. The region of the head from which the eye had been re- 
moved was always found to be filled with loose mesenchyme tissue. 
Occasionally a small amount of pigment was present. Thi^ pigment 
had either been introduced from the outer ectoderm when the oper- 
ation was made, or, possibly, it was a part of the pigmented coat 
of the eye that had remained behind when the eye was removed. 
In most of these embryos the tissues of the head, even those which 
had been in close contact with the extirpated eye, showed not the 
slightest trace of the operation, although in a few cases the fore- 
brain appeared somewhat distorted and its wall was thinner than 
normal on the injured side. 

The results of .this series of experiments on amphibian embryos 
are in accord with those obtained by other investigators on adult 
forms : in neither case is it possible to obtain the regeneration of an 
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eye after total extirpation. As a complete optic cup and a lens can 
regenerate from a very small fragment of the eye, it is evident that 
the eye tissues are able to produce any part of the eye that may be 
lacking: the other tissues of the head, however, do not possess this 
power which is as completely lacking in the embryo as in the adult. 



III. The Effects of Totally Destroying the Eye -forming Region 
of the Fore-brain before the Closure of the Medullary Folds. 

If the portion of the fore-brain that normally produces an optic 
vesicle is totally destroyed before the medullary folds have closed, 
have the other parts of the brain or any other tissues of the head 
the power to produce an eye and thus restore the normal form of 
the embryo? This was one of the problems I had in mind when 
these experiments were begun. 

Many of the young embryos in which the fore-brain was punct- 
ured before the closure of the medullary folds showed no traces of 
an eye on the injured side of the head, although, in some cases, 
they were kept alive for three weeks after the operation. In every 
instance there was a well developed optic cup on the uninjured side 
of the head, and a lens had formed or was in the process of form- 
ation from the ectoderm. In nearly all of these embryos the wall 
of the fore-brain was much thinner than normal on the injured side, 
in some instadces being only one or two rows of cells in thickness. 
The ectoderm covering the wounded surface seemed perfectly normal 
in all cases and the region in which the eye would normally have 
developed was filled with a large number of mesenchyme cells. 
Usually some scattered pigment granules were also present as was 
found in 'the experiments in which an entire eye was removed from 
an older embryo (Section 11). 

It is evident that, in these cases, all of the eye-forming tissue 
on one side of the head was either destroyed by the operation or 
rendered incapable of development and that no other tissue of the 
head has the power to produce an eye. 



IV. The Development of a Normal Eye After a Puncture 

of the Fore -brain. 

A number of embryos operated upon before the closure of the 
medullary folds developed perfectly normal eyes on both sides of the 
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head. In some cases the effects of the operation were to be seen 
in an unusual thinness of the wall of the fore-brain; in other cases 
the brain no longer occupied its normal position in the median plane 
of the body but was drawn over towards the injured side, doubtless 
as a result of the way in which the wounded surface healed. 

It is probable that, in these embryos, the region of the brain 
affected by the operation lay in front of or at the side of the eye- 
forming region ; therefore, as the eye-forming tissue was not injured, 
the development of the eye could proceed in a perfectly normal 
manner in spite of the injury. In all of these embryos the eyes 
maintained their normal relations with respect to the surrounding 
tissues, and both eyes of an embryo were usually in the same stage 
of development, although in some few instances the lens on the un- 
injured side of the body was in a slightly later stage of develop- 
ment than was the one on the side that had been punctured. 



V. The Formation of an Optic Cup without the Formation of a Lens, or 
without any Connection between the Eye-forming Tissue and the Brain. 

If only a portion of the brain tissue that normally forms the 
optic vesicle is destroyed by the heated needle, the remaining tissue 
continues its development, somewhat slowly, and eventually becomes 
a more or less normal optic cup regardless of its location or of its 
connection with the rest of the brain. Fig. 1 shows a very extreme 
case of this kind. The tadpole from which this drawing was made 
was operated upon the second of April, 1902, and was killed four 
days later. Three days after the operation this embryo attracted 
attention because it was the only one of the 27 embryos in the series 
that did not show an eye on either side of the head. It was some- 
what less developed than the other tadpoles in the series at this 
time and it swam very feebly and in an irregular manner, resting 
on one side when it reached the bottom of the dish in which it 
was kept. A complete series of sections through the head of this 
embryo shows the presence of but a single eye (Fig. 1, O.C.) which 
was not visible through the deeply pigmented ectoderm of the body 
wall because it occupies a very abnormal position between the floor 
of the fore-brain (Fig. 1,2^.-5.) and the roof of the pharynx (Fig. 1, Ph.), 
This eye, which is fairly normal in shape, is in the optic cup stage 
of development, and it measures 0.3 mm. in diameter through the 
line X r, thus being approximately the same size as the normal eyes 
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found in other embryos of the same age. No lens is present in any 
section of the eye of this embryo, and in no place is there a thicken- 
ing of the inner layer of ectoderm that might possibly be considered 
an early stage in the formation of a lens. The eye is entirely sur- 
rounded by mesodermal tissue and there is no trace of an optic nerve. 
It is evident, therefore, that this eye has developed through the stage 
of the optic vesicle to that of the optic cup without connection with 
the brain and without the presence of a lens. 

The very abnormal position of this optic cup can doubtless be 
attributed to the fact that in the operation a portion, or perhaps 
all, of the eye-forming tissue of the fore-brain was separated from 
the rest of the brain and yet not greatly injured. In the process 
of healing, this eye-formiug tissue came to occupy a position be- 
tween the brain and the pharynx and here it continued to develop 
as long as the embryo lived. It is obvious that an eye in this 
location can be of absolutely no use to the organism, no matter if 
is should continue it development and should become an entirely 
normal structure. The formation of such an eye seems inexplicable 
unless we believe with Spemann (18), »daB in der MeduUarplatte 
die einzelnen Teile des Augenbechers schon bestimmt sind«, and, 
therefore, that the portion of the fore-brain that normally forms the 
eye is so specialized that it will develop into an eye so matter what 
the surrounding conditions may be. Apparently the power of self- 
diflferentiation must be conceded to eye-forming tissue as it is capable, 
under certain conditions, of developing into a fairly normal structure 
when entirely removed from its normal relations with the other 
structures of the head (Fig. 1). 

Fig. 2 shows an outline drawing of a section through the eye 
region of an embryo killed four days after the puncture of the left 
side of the fore-brain. The brain itself shows no signs of the oper- 
ation, and on the right side of the head there is a normal eye with 
a well developed lens. On the left of the fore-brain is an optic cup, 
absolutely normal in shape and in the structure of its cells, yet its 
greatest diameter through the line AB is but 0.20 mm., while that 
of the normal eye through the line CD is 0.36 mm. There is no 
sign of a lens in connection with this small optic cup, nor is there 
any thickening of the ectoderm in the vicinity of the eye that might 
be considered to be an early stage in the formation of a lens. This 
embryo shows the power of regulation possessed by the organism, 
. as the portion of the eye-forming region of the fore-brain remaining 
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after the operation did not produce a fragment of an optic cup of 
usual size but developed into a very small optic cup of normal shape. 
I can see no reason why this eye could not have become functional 
had a lens developed later in connection with it. 

A portion of a section through the head region of an embryo 
operated upon the nineteenth of April, 1903, and killed six days 
later is shown in Fig. 3. On the left side of the head, which was 
uninjured, there is a normal eye with a lens already completely 
separated from the ectoderm. The right eye, which is shown in 
Fig. 3, comes directly from the fore-brain whose wall on this side 
is formed of only one to two layers of smaU cubical cells. This eye 
has presumably reached the stage of the optic cup although its shape 
is very unlike that of a normal eye at the same period of develop- 
ment.. The upper edge of the optic cup is in direct contact with 
the inner layer of ectoderm; but in no section of the head is there 
any indication of a thickening of the ectoderm to form a lens. If, 
as maintained by some investigators, the formation of a lens is de- 
pendent on contact between the optic cup and the ectoderm, it is 
not clear why a lens has failed to form in this case as the normal 
eye on the opposite side of the head developed a lens at least three 
days before the embryo was killed. It is, of course, obvious that 
the right eye in its present condition is so distorted that a lens would 
be useless even if it had developed ; but, as will be. shown later, 
many eyes almost, if not quite, as abnormal as this one have a well 
developed lens and, therefore, the abnormality of the eye alone should 
not have prevented the formation of a lens. It may be possible that 
the embryo was killed before the eye on the injured side]had reached 
the proper stage of development for it to be able to cause the forma- 
tion of a lens from the ectoderm; but it is, of course, impossible to 
determine this point definitely. 

In five other embryos I have found a well developed optic cup 
on the injured side of the head that had no connection whatever 
with any part of the brain. The conditions^ in^these^embryos, how- 
ever, were not as abnormal as were those in the embryo shown in 
Fig. 1, as in each case there was a perfectly normal eye on the 
uninjured side of the head, and the eye that had formed on the 
punctured side, although it was entirely separated from the brain, 
was in its normal position in the head and had the opening of the 
cup turned towards the exterior of the body. In three embryos a 
lens had developed from the ectoderm and occupied its usual position 
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in the eye; in the other two embryos no lens had developed on the 
injured side when the embryos were killed. The development of 
the eye on the injured side of the head always lagged behind that 
of the normal eye, although apparently taking place in the usual 
manner. 

In one of his experiment on Hyla viridis Schaper (15) cut off 
the anterior part of the head of an embryo in such a way that the 
right eye was entirely removed while the left one remained in its 
normal position. When this embryo was killed, eleven days after 
the operation, it was found that the fore-brain was entirely lacking 
and that there had been no regeneration of the missing eye. The 
left eye was somewhat smaller than the eye of a normal embryo at 
the same stage of development, although it appeared in every other 
way to be perfectly normal, and it had a well developed lens. . The 
interesting fact about this eye is that it had no optic nerve and, 
consequently, it had absolutely no connection with the portion of the 
brain remaining after the operation. In discussing the result of this 
experiment, Schaper states: »Wir k5nnen nicht umhin anzunehmen, 
dass wahrend der vorliegenden Entwickelungsperiode ftinktionelle 
Reize auf Wachsthum und Di£ferenzirung des erhaltenen Auges 
keinerlei Einflnss ausgeUbt haben : seine Weiterentwickelung geschah 
lediglich nach den Principien der Selbstdififerenzirung.* This prin- 
ciple of » self- differentiation* is the only one apparently, that is 
adequate to explain the development of an optic cup in such cases 
as the one described by Schaper and in those of my own experi- 
ments in which an optic cup developed without any connection with 
the brain. 

The results of the experiments in this series confirm the con- 
clusion of Spemann and of Rabl (14) that an optic cup can develop 
from an optic vesicle when there is no lens present. To this con- 
clusion may, perhaps, be added that the change from an optic vesicle 
into an optic cup is likewise independent of any connection with the 
brain and that it is the direct result of a process of self-differentiation 
in the eye-forming tissue of the fore-brain. 

VI. The Formation of a Lens from the Ectoderm in Connection with 

the Development of an Optic Cup. 

An eye that develops in an embryo of Rana paltistris after a 
puncture of the eye-forming region of the fore-brain usually possesses 
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a lens which is more or less normal in strnctnre. As presnmably 
the operation destroyed that portion of the ectoderm that wonld 
normally produce a lens, the question arises as to whether there is 
a definite region of the ectoderm that alone is capable of prodncing 
a lens, or whether any portion of the ectoderm of the head has the 
power to form a lens provided it receives the proper stimulus. It is 
possible also that, under certain conditions, a lens can form £rom 
the edge of the optic cup, as in Triton^ and thus enable an eye 
which can not obtain a lens from the ectoderm to become functional 
when it has reached the proper stage of development 

In making the operations for this series of experiments, the 
punctures were intentionally made in different regions of the fore- 
brain in order to produce as many kinds of abnormal eyes as 
possible. This was done in the hope that it might be possible to 
determine the extent of the power possessed by the optic cup as 
well as by the ectoderm of the different regions of the head to 
form a lens. 

After operations of this character in which it is impossible to 
determine the extent of the injury until the embryos are killed and 
sectioned, the results are rarely found' to be uniform and it is not 
possible to draw any general conclusions from a small number of 
experiments. The cases that are described in this sections were 
selected from over 160 embryos in which the eye on the injured 
side of the head was more or less abnormal. That so few of the 
embryos gave results from which conclusions could be drawn can 
be attributed either to the fact that a lens had not yet developed 
in connection with the eye on the injured side of the head when 
the tadpole was killed (although it had always formed in a per- 
fectly normal manner on the uninjured side); or to the fact that a 
lens had already developed so far when the embryo was killed 
that it was not possible to determine its origin. The chances of 
being able to determine the origin of the lens on the injured side 
of the head are most favorable if the embryo is killed from three 
to four days after the operation. 

Fig. 4 shows a portion of a section through the head of an embryo 
that was operated upon the thirty-first of March 1903, and killed 
four days later. The embryo, therefore, lived two days less than 
the one from which Fig. 3 was drawn and presumably its organs 
were correspondingly less developed. Sections through the head of the 
embryo showed, on the uninjured side, a normal eye with its lens 
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entirely separated from the ectoderm; on the injured side of the 
head, as shown in Fig. 4, there projects from the base of the fore- 
brain a very abnormal optic cup. The inner layer of this eye is 
a nearly straight mass of cubical cells which curves but slightly at 
its upper edge where it joins the outer pigmented layer. Although 
this optic cup is fully as abnormal as the one shown in Fig. 3, 
yet it has a well formed lens (Fig. 4, L) entirely separated from 
the ectoderm and in contact with the upper edge of the cup. The 
lens, which was probably derived from the ectoderm in a normal 
manner, is very much smaller than the one on the opposite side 
of the head as it measures but 0.046 mm in diameter, while the 
lens of the normal eye measures 0.107 mm. in diameter. In this 
embryo it is not probable that the edge of the abnormal optic cup 
ever came in contact with the ectoderm, and yet a lens has deve- 
loped from the ectoderm although the conditions for its formation 
were apparently not as favorable as they were in the case of the 
eye shown in Fig. 3. 

An outline drawing of a section through the eye region of an 
embryo killed five days after the puncture of the fore-brain is shown 
in Fig. 5. On the right side of the head is a normal eye with its 
lens completely separated from the ectoderm. On the left side of 
the head, the fore-brain is connected through an optic stalk with a 
very abnormal eye whose structure in greater detail is shown in 
Fig. 6. This eye is exceedingly small, its diameter through the line 
ABy Fig. 6, being 0.116 mm., while that of the normal eye through 
the line CD, Fig. 5, is 0.334 mm. The outer edge of the optic cup 
is 0.071 mm. away from the inner layer of ectoderm, yet there pro- 
jects from the latter, opposite the opening of the cup, a structure 
that unquestionably must be considered as an early stage in the 
formation of a lens. Instead of developing in a normal way, this 
lens, which measures 0,025 mm. through the line -XF, Fig. 6, is a 
somewhat rounded mass of cubical cells attached by a thick stalk 
of similar cells to the inner layer of ectoderm, the whole structure 
extending 0,088 nmi. from the ectoderm. Another section of this 
eye shows the lens lying very close to the upper edge of the 
optic cup and containing a central cavity. As the embryo was 
killed before the lens had broken away from its attachment to the 
ectoderm there can be no question of it its origin and manner of 
formation. 

In all cases in which it is possible to determine definitely 
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the origin of the lens found in connection with an abnormal eye, 
it is certain that the lens is derived from a thickening of the 
ectoderm. Very frequently the abnormal eye lies some distance be- 
hind the plane of the normal eye on the opposite side of the head 
and yet the ectoderm of this region of the head is as able to pro- 
duce a lens as is that more anterior. In some cases, as in Fig. 9, 
a lens may form from the ectoderm near the upper edge of the 
optic cup ; in other cases the lens may develop near the lower edge 
of the cup (Fig. 7); in still other embryos (Fig. 8) there may be a 
thickening of a considerable portion of the ectoderm in the vicinity 
of the optic cup. In the eye show in Fig. 8, the thickening for a 
lens occupies all of the region in front of the opening of the optic 
cup for several sections, and as the eye is much further back in the 
head than is the normal eye on the uninjured side, the ectoderm 
in front of it, could not possibly be that which would normally 
produce the lens. 

The recent experiments of Lewis (10) have shown conclusively 
that not only is the possibility of lens formation present in all ot 
the ectoderm of the head, but also that the ectoderm from other 
portions of the body, if grafted over an optic cup, will develop 
into a lens. The power to form a lens must, therefore, be con- 
ceded to all of the body ectoderm, and is not to be limited 
to the descendents of the cells of the sense plate as believed by 

SCHAPER (16). 

It is stated by Rabl that >die Ursache fllr die Entstehung der 
Linse in einem formativen Reize zu suchen, der von dem freien Ende 
der Augenblase anf die Berllhrungsstelle mit dem Ektoderm ausge- 
ttbt wird«. This opinion is also held by Spemann (18) and by Lewis. 
The latter investigator states that » epithelial cells which normally 
give rise to a lens do not do so when the optic vesicle fails to come 
in contact with them for a sufficient length of time or at the proper 
stage «. From the results obtained in some of the above experiments 
it seems to me certain that contact between the optic cup and the 
ectoderm is not the only stimulus that is capable of causing the 
development of a lens. In the case of the eye shown in Fig. 6, 
the edge of the optic cup could never have come in contact with 
the ectoderm, and yet a lens is forming, unquestionably, from a 
thickening of the inner ectoderm opposite the eye. In some of his 
experiments, Lewis also obtained a lens from the ectoderm when 
the optic cup was imbedded some distance in the head and in such 
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cases the lens always developed oq a pedicle in a way similar 
to that shown in Fig. 6. Lewis explains these cases as follows: 
»A long epithelial process was probably formed at the time of the 
healing of the operation wonnd and thns gave the deeply placed 
eye a chance for contact with the ectoderm*. It seems to me rather 
remarkable that this long epithelial process, purely an accidental 
result of the operation, should invariably be formed directly op- 
posite the opening of optic cup, and that it is never found in cases 
in which the optic cup is close to or in contact with the ecto- 
derm. Such an explanation does not seem to me adequate in the 
case shown in Fig. 6, or in others of the same nature which I have 
obtained. In my experiments the character of the operation was 
such that the portion of the ectoderm in contact with the heated 
needle was usually destroyed and, even if it was shoved inside the 
head, it would have been rendered incapable of development. In all 
of the hundreds of tadpoles that I have sectioned after such oper- 
ations I have never found a similar projection of ectoderm in the 
injured region of the head unless it was directly opposite an optic 
cup and was forming a lens. In some cases the pedicle of the lens 
was long, in others short, depending entirely on the distance between 
the optic cup and the ectoderm. Contact between the optic cup and 
the ectoderm, on the other hand, does not necessarily lead to the 
formation of a lens. In the case of the eye shown in Fig. 3, the 
upper edge of the optic cup is in direct contact with the inner ecto- 
derm and yet there is no sign of lens although one has developed 
on the opposite side of the head. In some instances Lewis failed to 
obtain a lens when the optic cup was in contact with the ectoderm, 
and he considers this to be due either to the fact that the optic cup 
had not been in contact with the ectoderm for a sufficiently long 
period of time or that it had not reached the proper stage of develop- 
ment for it to be able to cause the formation of a lens. Contact 
between the optic cup and the ectoderm may, in some cases, furnish 
the stimulus that calls forth the formation of a lens; but that it 
is not the only stimulus that can produce this result is evident from 
such cases as that shown in Fig. 6. Whether the stimulus for lens 
production always comes from the optic cup, when one it present, 
or whether it may come from the nervous system or from some other 
source I have not been able to determine. 
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VII. The Formation of a Lens-like Structure from the Ectoderm without 

the Presence of an Optic Cup. 

That a lens-like stracture can develop from the inner ectoderm 
when an optic cup is totally lacking on the injured side of the head 
is shown by the two following cases selected from seven of the same 
general character that were obtained daring the course of these 
experiments. Part of a section through the head of one of these 
embryos is shown in Fig. 9. On the left side of the head, which 
was uninjured, the eye is somewhat abnormal, and it has a lens 
which has not yet separated completely from the ectoderm. On the 
right side of the head there is absolutely no sign of an optic cup, 
and the wall of the fore-brain is much thinner than normal, thus 
showing the severity of the operation. On the injured side, directly 
opposite the place where the lens is forming for the normal eye, 
there is a pronounced thickening of the inner ectoderm (Fig. 9, L), 
This thickening of the ectoderm, which is shown more highly magni- 
fied in Fig. 10, extends over four sections of the head and is like 
the lens forming on the opposite side of the head except that it 
lacks a central cavity and is somewhat smaller, measuring but 
0.034 mm. in diameter while the lens on the opposite side of the 
head measures 0.053 mm. in diameter. 

Another case in which a lens-like structure formed without the 
presence of the optic cup is shown in Fig. 11. In this instance the 
structure is somewhat larger than that shown in Fig. 10, as it measures 
0.075 mm. in diameter through the line XY Fig. 11, and is pre- 
cisely similar in structure to the lens for the normal eye of an em- 
bryo at the same stage of development. In this case, also, an optic 
cup was entirely lacking on the injured side of the head, although 
a perfectly normal eye was present on the opposite side of the head 
and its lens was still connected with the ectoderm, being but a little 
more developed than the one shown in Fig. 9. 

The other cases I have found in which an optic cup was lack- 
ing and yet a lens-like structure was developing from the ectoderm 
are very similar to those shown in Figs. 9 — 11. Unfortunately, I 
have no older stages that show whether, under these abnormal con- 
ditions, this structure would continue to develop and eventually 
separate from the ectoderm. 

These results apparently furnish evidence in favor of the view 
that in a definite region of the ectoderm the cells are destined to 
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form a lens and, therefore, that they will produce such a structure 
even if an optic cup is lacking. That a lens should develop under 
such abnormal conditions is not more surprising than is the fact that 
a portion of the eye-forming region of the fore-brain will continue 
its development and form a fairly normal optic cup (as shown in 
Fig. 1) even when it is removed from all of its normal relations, cut 
oflF entirely from all connection with the brain, and surrounded by 
mesenchyme tissue. It seems evident that the power of self-diflfer- 
entiation is possessed in a remarkable degree by those tissues in the 
head of the frog embryo which normally form the optic cup and the 
lens; and each of these structures can apparently develop, to a cer- 
tain extent at least, absolutely independently of the other. The 
change of an optic vesicle into an optic cup and of the ectodermal 
cells into a lens, is due, apparently, not as much to correlative differ- 
entiation as to unknown causes inherent in the cells themselves. 

The formation of a lens from the ectoderm without the presence 
of an optic cup has, as far as I am aware, been found as yet by 
but one investigator, Mexcl (11), who has described such a case in 
a very abnormal Scdmo sola?* with two heads. One head appeared 
perfectly normal; but the other showed no eyes externally. When the 
latter head was sectioned, there was found absolutely no sign of an 
optic cup on either side of the head, although there were lenses 
on both sides, the left one being more dorsal and situated somewhat 
further back than the one on the right. Both lenses were fairly 
normal in structure, although the left one was somewhat smaller 
than the right and was still connected with the ectoderm from which 
it originated without question. From this case Mencl states that 
we must admit that the lens of the eye can arise independently of 
the formation of the optic cup, and he adds further: >Die Himaugen 
mit epidermalen Linsen treten bei den Wirbelthieren als eine neue, 
ausschlieBlich ihnen gehOrende Erwerbung auf, und sie bilden sich 
im Bereiche eines bestimmten Kopfsegmentes; die ganze diesem Seg- 
mente zugetheilte Epidermis ist Trager einer gewissen Tendenz, die 
darin besteht, im Verlaufe einer gewissen Entwickelungsstufe die 
Linse zu bilden. Wenn auch die Augenblasenbildung v5llig aus- 
bleibt, was in einzelnen anomalen Fallen zu Stande kommt, so werden 
doch die Augenlinsen, obzwar zwecklos, gebildet. Der diese zweck- 
lose, wie durch Erinnerung der Epidermiszellen auftauchende Linsen- 
bildung auslOsende Faktor ist die Vererbung.* 

In the figures given in Mencl's paper showing the location of 
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the two lenses, there is very little space between the brain and the 
body ectoderm, and on one side the lens lies in a well defined 
depression of the brain wall. Spemann (19) has oflFered a very 
different explanation of the formation of these lenses from that given 
by Mencl. He believes that there is only an apparent lack of the 
optic cnps, the wall of the brain near the lenses in his estimation 
>nichts anderes ist, als die nicht abgegliederte und auBerdem nach- 
traglich rtickgebildete Retina*. There is absolutely nothing in the 
structure of the brain wall in the figures shown by Mencl that would 
indicate that it is a degenerate retina. If we accept Spemann's ex- 
planation, then Mencl's idea of the self-diflferentiation of the lens is, 
of course, valueless. 

The results of the experiments on embryos of Bana pahisiris 
in which a lens-like structure developed without the presence of an 
optic cup appear to support Mencl's position. In the case shown 
in Fig. 9, the brain wall on the injured side, which is much thinner 
than normal, is 0.233 mm. away from the ectoderm in the region 
where the lens-like structure has formed, and all of the cells of which 
it is composed are apparently similar in structure. There is not the 
slightest reason, as far as I can see, for assuming that the wall of 
the brain opposite the place where this structure is forming repre- 
sents the retina, and, even if it did, it is so far from the ectoderm 
that it would seem that it could have no influence whatever on the 
lens formation. It appears that the power of self-diflferentiation 
must be granted to lens-forming cells of the ectoderm in the embryo 
of Bana palustris, and it seem probable that a stimulus similar to 
that which is capable of causing the formation of lens-like structures 
in the ectoderm of the frog embryo when an optic cup its lacking 
might also have acted to produce the lens -like structures in the 
Saimo solar described by Mencl. 



VIII. The Formation of a Lens from the Edge of the Optic Cup. 

In all of the embryos so far described, and in a large number 
of others where abnormal eyes were formed, the lens, if it developed 
at all, was unquestionably derived from a thickening of the inner 
layer of ectoderm as is the case in normal development. In Triton 
and in others of the Drodela where the lens has been extirpated from 
the eye of a young or of an adult animal, a new lens arises in the 
course of a few weeks or months, not from the ectoderm, but from 
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the iris. The manner of its formation in Triton according to Wolff (20) 
is as follows: >Das innere epitheliale Blatt der Iris yerliert sein 
Pigment, welches von massenhaft herbeieilenden Lenkocyten fortge- 
tragen wird, am Pupillarrande wnchert das Epithel, aus diesen 
Wucherungen entsteht am oberen Rand der Pupille ein LinsensUck- 
chen, nnd aus diesem LinsensS.ckchen bildet sich ~- nunmehr nach 
vererbtem Typus — die vollst^ndig normale Tritonenlinse.* It ap- 
pears also, from the recent experiments of Babfurth and Draoek- 
DORFF (1) that a new lens can be formed from the edge of the optic 
cup in the young chick embryo, although the power to produce a 
lens seems to be entirely lacking in the eye of the adult bird. 

The experiments of Muller (12) and also those of Fischel (5—7) 
have confirmed the earlier work of Colucci and of Wolff regard- 
ing the origin of the lens from the edge of the iris in the eye of 
Triton. Fischel has also shown that if the iris is intentionally in- 
jured in several places more than one lens may be formed ; and that 
not only any part of the iris is capable of forming a lens, but also 
that lens-like structures can be produced from the retina. 

The eye of the Urodela is thus found to be capable of regen- 
erating a lost lens, but instead of being produced from a thickening 
of the ectoderm as one might expect would be the case from the 
course of the normal development of the lens in ontogeny, the new 
lens arises from the iris of the eye and generally from its upper 
edge. The reason for the formation of the lens at the upper edge 
of the iris was first considered to be due to the action of gravity 
on the eye, but an ingenious experiment made by Wolff (21) has 
shown that the new lens regenerates from the upper edge of the 
iris even when the animal is kept constantly upon its back and 
therefore gravity does not determine it location. According to Wolff 
it is »nicht das Fehlen, sondem der Verlust der Linse, nicht die 
einzige auslCsende Ursache, sondem eine wesentliche Vorbedingung 
ftlr die Regeneration zu bilden scheint«. Fischel, on the other hand, 
believes that >die auslOsende Ursache liegt vielmehr stets in der durch 
die Operation bewirkten Reizung der Iris*. 

In explanation of the formation of the new lens in the eye of 
Triton from the iris rather than from the ectoderm, Schimkewitsch 
(17) has stated that: >Man darf nicht vergessen, dass die Linse der 
paarigen Augen eine spatere Bildung ist, und dass es sehr wahr- 
scheinlioh ist, dass ursprtlnglich die paarigen Augen eine ebensolche 
Linse besafien, wie wir sie im unpaaren Auge der Hatteria sehen, 
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d. h. hervorgegangen ans der Wand der Angenblase selbst.« The 
formation of the lens from the edge of the iris, on this assumption, 
is merely a return to ancestral conditions and might, if true, very 
possibly be met with occasionally in the course of the normal de- 
velopment of an individual. 

In his most recent paper, Fiscuel (7) has stated that the forma- 
tion of a lens from the edge of the iris is easily explained if one 
but assume, »dass die F&higkeit zur Linsenbildung nicht allein einem 
ganz bestimmten Gebiete des Ektoderms, sondern ursprtlnglich alien 
(mindestens in einem bestimmten K5rperabschnitt} Zellen dieses Keim* 
blattes zukommt. Es ist klar, dass diese Annahme auch durch die 
hier mitgetheilten Thatsachen eine gewisse Sttttze erhUlt: entstammen 
doch die Zellen der Iris und Retina, deren FHhigkeit zur Linsen- 
faserdifferenzirung erwiesen wurde, gleichfalls dem Ektoderm. Fasst 
man diese Annahme in die Form, dass ursprtlnglich alien Zellen des 
Ektoderms die Ffthigkeit zukommt, sich in Linsenfasem, bezw. in 
linsenfaserartige Elemente umzuwandeln, und dass diese FS.higkeit 
auch auf gev^isse Derivate des Ektoderms — centrales Nervensystem 
und Angenbecher — ttbergeht, so wird man sowohl den Thatsachen 
der normalen Ontogenese (Entwickelung der Linse im Auge und im 
Parietalorgan), als auch denen der Regeneration (Neubildung der 
Linse von der Iris, Lentoide der Retina) gerecht*. 

In the ontogeny of the Anura, as far as is known, the lens of 
the eye always arises as in the Urodela from a thickening of the 
inner layer of ectoderm. Kochs (9) has shown that in the tadpole 
of Rami fu8ca a new lens regenerates after the extirpation of the 
old one, but he was not able to determine its origin. In the ex- 
periments made by Spemann and by Lewis the new lens was in- 
variably derived from the ectoderm of the body wall. 

Among the embryos with abnormal eyes that were obtained in 
the course of the present experiments, there were two which seem 
to furnish evidence that in the Anura, as well as in the Urodela, 
a lens may occasionally develop from the edge of the optic cup. 
Fig. 12 is an outline drawing of a part of a section through the 
head of an embryo that was operated upon the nineteenth of April, 
1902, and killed six days later. The embryo was sectioned some- 
what obliquely and, therefore, but a very small, pigmented portion 
of the normal eye is shown on the right of the mid-brain (Fig. 12, 
N,E,)\ the rest of this eye with its well developed lens and optic 
nerve lies in sections anterior to the one drawn. The brain of the 
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embryo appears normal and shows not the slightest trace of the 
operation. Interest in this tadpole centers in the eye on the left 
side of the body which lies quite close to the mid-brain and 0.316 mm. 
from the body wall. This optic cup, which is somewhat abnormal, 
is connected by an optic nerve with the brain in a more anterior 
section than that shown, the connection being slightly behind that 
of the normal eye. The structure of this eye is shown more in 
detail in Fig. 13. The inner layer of the optic cup is composed, as 
normally, of several rows of cubical cells and the outer layer is 
formed of a single row of pigmented cells. The lower portion of 
the cup, as is frequently the case in these abnormal eyes, is not 
much curved and lies nearly parallel with the wall of the mid-brain. 
At the upper edge of the cup, where the two layers unite, there 
is a knob-like structure that bears a striking resemblance to an early 
stage in the formation of a lens in the eye of Triton as figured by 
Wolff and by Fischel. This rounded projection from the centre 
of the upper wall of the optic cup extends over four sections of the 
embryo, and on either side of it the two layers of the optic cup are 
joined in the normal manner. There is no central cavity in any 
section of this structure and no indication of a constriction between 
it and the two layers of the optic cup which run into it. The 
cells forming this structure are dividing very rapidly and each 
section shows a large number of karyokinetic figures, many more 
than I have found in any other part of the eye in any of the embryos 
that I have studied. In no section of the head of this embryo is 
there any indication of a thickening of the ectoderm to form a lens, 
and, judging from the results that have been obtained in the experi- 
ments on the eye of Triton^ I can see no reason why this projection 
from the upper wall of the optic cup must not be considered as 
an early stage in the formation of a lens from the tissues of the 
eye itself. 

Fig. 14 shows a portion of a section through the head of another 
embryo from the same series as that from which Fig. 12 was drawn. 
The position of the lens in this eye makes it appear highly probable 
that the lens developed from the edge of the optic cup, although, of 
course, this cannot be proven. The development of this eye was much 
more rapid than was that from which Fig. 12 was drawn, and the 
lens had already become a separate structure at the opening of the 
optic cup when the embryo was killed. In Fig. 14 the lens is seen to 
be Hharply marked oflF from the edge of optic cup ; but in other section 
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of the eye the flattened surface of the lens lies against the somewhat 
flattened edge of the optic cup and it might very easily be supposed 
that the two were connected. Such close contact between the edge 
of the optic cup and the lens is not usual when the lens is derived 
from the ectoderm in the normal manner. In this embryo the optic 
cup lies 0.113 mm. beneath the ectoderm, and its upper edge is so 
greatly curved that it does not seem as if the lens could possibly 
have been derived from the ectoderm in the manner shown in Fig. 6. 
The normal eye on the opposite side of the head is not shown in 
the figure because the section is somewhat oblique and also because 
the eye on the injured side lies considerably behind that on the 
opposite side of the body. The eflfects of the operation are further 
shown in this embryo in the formation of the brain wall w^hich is 
very much thinner than normal on the injured side. The structure 
of the abnormal eye is shown under higher magnification in Fig. 15. 
The cells of both layers of the optic cup appear normal and the 
shape of the cup itself is not as abnormal as is the one shown in 
Fig. 13. There can be no question but that the rounded structure 
in the opening of the optic cup is a lens which has a central cavity 
rather large in proportion to the size of the lens. The lens is some- 
what smaller than the one connected with the normal eye on the 
uninjured side of the body as it measures but 0.060 mm. in diameter 
while the one connected with the normal eye measures 0.107 mm. 
It is much to be regretted that transitional stages between the lenses 
represented in Figs. 13 and 15 could not be obtained. 

While it seems to me very probable, from the two cases de- 
scribed above, that the lens in the eye of the frog embryo is capable, 
under certain conditions, of developing from the edge of the optic 
cup, I do not wish to state positively that such is the case. It is 
conceivable, of course, that such a knob-like thickening at the upper 
edge of the optic cup as that shown in Fig. 12, would never have 
formed, a normal lens, and also that the lens shown in Fig. 14 
was derived from the ectoderm, although I can find no indication 
whatever that such was its origin. Taking the evidence from these 
two embryos alone it seems to me highly probable that, under 
certain conditions, the upper edge of the optic cup is capable of 
beginning the formation of a lens. Whether such a lens would 
continue to develop and eventually become functional remains to 
be determined. 
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IX. Summary. 

1) If an entire eye is removed from an embryo of Rana paitistrisj 
the tisBues of the head are incapable of regenerating a new one. 

2) There is no development of an eye if all of the eye-forming 
region of the fore-brain is destroyed before the medullary folds have 
closed. 

3) Destroying any part of the fore-brain except the eye-forming 
region does not interfer with the normal development of the eye. 

4) The eye-forming tissue of the fore-brain appears to have the 
power of self-diflferentiation as it will develop into a more or less 
normal optic cup when removed from its connection with the rest 
of the brain and without the presence of a lens. 

5) Any ectoderm of the head appears to have the power to pro- 
duce a lens provided it receives the proper stimulus. 

6) Contact between the optic cup and the ectoderm is not ne- 
cessarily the stimulus that leads to the development of a lens, as a 
lens can be formed from the ectoderm when the optic cup is some 
distance beneath the surface of the body. 

7) A lens-like structure may be formed from the ectoderm when 
there is no optic cup on the same side of the head. The process 
appears to be a self- differentiation of lens- forming tissue of the 
ectoderm. 

8) It seems probably that, under certain conditions, a lens can 
develop from the upper edge of the optic cup as is the case in the 
regeneration of the lens in the eye of Triton. 

Bryn Mawr College, Bryn Mawr, Pa., Nov. 11, 1904. 



Zusammenfassung. 

1) Beraubt man einen Embryo von Bona palustria eines ganzen Anges, so 
Bind die Gewebe des Kopfes nicht imstande, ein neues zn bilden. 

2) Es kommt nicht znr Entwicklnng eines Anges, wenn der gesamte augen- 
bildende Bezirk des Vorderhims vor dem SchluC der MedullarwtilBte zert(5rt wird. 

3} Die ZerstOrung des Vorderhims bis auf den augenbildenden Bezirk hin- 
dert die normale Entwicklnng des Auges nicht. 

4) Das angenbildende Gewebe des Vorderhims scheint die Fiihigkeit der 
Selbstdifferenziemng zu besitzen, da es anch anGer Znsammenhang mit dem 
tibrigen G^him und obne das Vorhandensein einer Linse sich zu einem mehr 
Oder weniger normalen Augenbecher entwickeln kann. 

5) Den spezifischen Keiz vorausgesetzt scheint jede Partie des Kopfecto- 
derms die Fahigkeit der Linsenentwicklung zu besitzen. 
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6) Die Bertlhnuig das Augenbechers mit dem Ectoderm ist nioht unum- 
glinglich notwendig als Reiz fUr die Linsenentwicklung, da eine Linse anch 
entstehen kann, wenn der Augenbecher noch in einiger Entfernnng unter der 
KOrperoberflSche liegt. 

7) Eine linBenShnliche Straktnr kann vom Ektoderm hervorgebracht wer- 
den, ohne daB ein Angenbecher anf derselben Seite existiert. Der ProzeB 
Bcheint eine SelbBtdifferenziemng von linBenbildendem Gewebe aus dem Ecto- 
derm zn sein. 

8) Es erscheint mOglich, daB sich nnter gewisBen Bedingungen eine Linse 
auB dem oberen Rande des AugenbecherB zn entwickeln vermag, wie dies bei 
der LinBenregeneration von Triion der Fall ist. 
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Explanation of Figures. 

Plate VI. 

All figures were outlined with the aid of a camera Incida. FigB. 1, 2, 5, 
7, 9, 12, and 14 were drawn under a Zeiss obj. A A, oc. 4; the other figures 
were drawn under a Zeiss obj. D, oc. 4. 

In lettering the figures the following abbreviations are used: F.B. fore- 
brain; M.B. mid-brain; L. lens; N.E. normal eye; Ph. pharynx; S. sucker; 
0,0. optic cup. 

Fig. 1. Section through the head of an embryo killed four days after the 
puncture of one side of the fore-brain. An optic cup has developed be- 
tween the brain and the upper wall of the pharynx. 

Fig. 2. Part of a section through the head of an embryo killed four days 
after the operation. A small optic cup, but no lens, has developed on 
the injured side of the body. 

Fig. 3. Part of a section through the head of an embryo killed six days after 
the operation. The optic cup that has formed on the injured side of 
the head is in direct contact with the inner ectoderm but no lens has 
developed. 

Fig. 4. Part of a section showing the abnormal optic cup in an embryo killed 
five days after the puncture of the fore-brain. 

Fig. 5. Outline drawing of a part of a section through the head of an embryo 
killed six days after the operation. The optic cup is some distance from 
the ectoderm, a lens is forming in an unusual manner. 

Fig. 6. Enlarged drawing of the abnormal eye shown in Fig. 5. 

Fig. 7. Section through the head of an embryo killed six after the puncture 
of the fore-brain. A lens is forming from the ectoderm opposite the 
lower edge of the optic cup. 

Fig. 8. Part of a section through the head of an embryo belonging to the 
same series as that from which Fig. 7 was drawn. All of the inner layer 
of ectoderm opposite the optic cup is thickening to form a lens. 
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Fig. 9. Ontline drawing of a part of a section through the head of an ^abryo 
killed three days after the pnnctare of the fore-brain. A lens-like struct- 
nre is forming from the inner layer of ectoderm without the presence of 
an optic cup. 

Fig. 10. Enlarged drawing of the lens-like structure shown in outline in Fig. d. 

Fig. 11. Enlarged drawing of another, slightly larger, lens-like structore that 
developed from the ectoderm without the presence of an optic cop. 

Fig. 12. Part of a section of an embryo killed six days after the operation. 
There is a knob-like thickening at the upper edge of the optic cup wluch 
may be an early stage in the formation of a lens. 

Fig. 13. Enlarged drawing of the optic cup shown in outline in Fig. 12. 

Fig. 14. Part of a section through the head of an embryo belonging to the 
same series as that from which Fig. 12 was drawn. A lens is preeent 
which presumable developed from the edge of the optic cup. 

Fig. 15. Enlarged drawing of the optic cup and lens shown in outline in 
Fig. 14. 
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